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The relation of pH to sporulation and growth of Gibberella zeae on agar and in 
liquid media, Andbrsen, A. 1j. Sporulation and growth of Gibberella zeae are directly 
influenced by the initial pTT of the culture medium, whether solid or liquid. The com¬ 
position of the medium, particularly with respect to nutrient concentration, and nitrogen 
source, is also important, in part because of indirect effects on the pH changes that occur 
as growth progresses. On KNOa-agar media, maximum sporulation resulted if the initial 
pH was approximately 3.0-3.3, whereas on NH 4 N 03 -agar media an initial pH of 4.3 was 
optimum. In similar liquid media, maximum sporulation occurred in those media initially 
adjusted to pH 5-6. Nearly all the media shifted in pH as growth progressed. On 
KNOs-agar media, this period of pH change was closely correlated with the period of 
rapid spore development; with those media having an initial pH below 7, the pH shift 
was toward alkalinity; those having an initial pH above 7 shifted first toward neutrality 
and then back toward the initial value. Media high in carbon and nitrogen produced 
more mycelium and fewer spores than did similar media low in these ingredients. More¬ 
over, the optimum initial pH for mycelium production was higher for the low carbon and 
nitrogen media than in the case of media high in these two elements. 

An evaluation of certain aubstituted phenyl eaters for the treatment of cotton seed, 
Arndt, C. H. Cotton seed naturally infested by Colie to trichum gosaypii was treated with 
various substituted phenyl esters and the seed germinated in sand culture. At comparable 
dosages, the acetate ester of 2,4,5-trichlorophenol was effective in preventing seedling 
infection by C. gosaypii; the formate and propionate were slightly less effective; while 
the carbonate, succinate, and laurate were ineffective. The substitution of bromine for 
chlorine caused little change in effectiveness. The nature of the chlorination of the phenyl 
acetate also influenced the fungicidal properties. The 2,3,4,6-tetrachlorophenyl acetate 
was more toxic to both the fungus and the host plant than the 2,4,5-trichlorophenyl 
acetate; while the chemicals with the Cl atoms in the 2,4,6, the 2,3,6, and the 2,3,4,5,6 
positions were somewhat less effective. The latter was the most toxic of these chemicals 
to the host plant. The ortho, para, and the ?,4-dinitrophenyl acetates were not fully 
effective fungicides. Results obtained in field plantings, which were generally in agree¬ 
ment with the laboratory results, indicated that 2,4,5-trichlorophenyl acetate at a dosage 
of 1 gm./kg. of seed may be a satisfactory treatment for fuzzy cotton seed. 

Inheritance of resistance to spot blotch of barley, Arny, Deane C. In seedling 
tests of Fa and Fg generations of several crosses, the difference between susceptibility and 
resistance to spot blotch (Helminthosporium sativum) appeared to be due to a single¬ 
factor pair, with susceptibility dominant. There was no detectable association of spot- 
blotch reaction with lemma and pericarp color (black vs. white), awn barbing or 
rachilla hair length, or reaction to stem rust. An association between spot-blotch 
resistance and the xantha character of Colsess IV was suggested in limited tests. In one 
cross spot-blotch susceptibility appeared to be associated with stripe {Helminthosporium 
gramineum) resistance. 

Molds on apple storage containers and their control, Atkins, J. G., Jr. The growth 
of various molds on apple containers kept at high humidities is one of the problems 
associated with storage. Penicillium expansum, Cladoaporium herbarum, Stemphylium 
consortiale, Mucor plumheua, and Cephalosporium sp. were the most prevalent on new 
containers after several months in five western Now York storage houses. Several other 
fungi were also encountered. Mucor racemosus was most frequently isolated from con¬ 
tainers used in previous seasons on which the whiskers’^ type of mold predominated. 
Mucor plumbeus, Bhizopus nigricans, and Mucor sp. were often present. Of the fungi 
commonly isolated from moldy containers only Penicillium expansum produced a rapid 
rot of Cortland apples. Other rot-producing organisms included JBotrytis cinerea, Asper¬ 
gillus niger, Bhizopus nigricans, and Mucor sp. A large number of chemicals were 
evaluated as mold inhibitors in laboratory tests. In such tests silver and mercury com¬ 
pounds were best followed by the Dowicides, Cuprinol, Thiosan, Copper 8-quinolinolate, 
and Spergonex. In storage tests Dowicides B, F, G and S, Thiosan, Spergonex, Cuprinol, 
Boccal, Phygon, and silver nitrate gave good control. Apples in direct contact with 
treated containers were injured by Spergonex, Cuprinol, and Dowicides B, F, G and 8. 
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Physwlogioal tpecialigation in Cladosporium fulvum. Bailey, D. L. The parasitic 
capabilities of the 8 physiologic races of Cladosporium fulvum, which have been reported 
to date in Ontario, Canada, are indicated in terms of reactions of the following differ¬ 
ential host varieties: Bed Currant (Lycopersicon pimpinellifolium ); Vetomold; V-121; 
Stirling Castle; y-473; L, hirsutum; L. hirautum var. glabratum. Evidence is offered 
that the evolution in virulence encountered in C. fulvum has been a function of the 
increasing resistance of the host varieties to which it has been exposed. 

Time and locus of infection of American elms in relation to extent of vascular 
invasion by Ceratostomella ulmL Banpield, W. M. Separate lots of American elm 
seedlings 18 to 28 feet in height were inoculated at intervals of one month, from April to 
September. Two holes per tree were cut to the cambium with a ^-inch leather punch. 
The holes were packed with sawdust media containing Ceratostomella ulmi and then were 
taped. Less than 3 per cent of 318 inoculations made April 25 resulted in general 
vascular invasion. Fifty-three per cent of 146 inoculated May 10, 91 per cent of 103 
inoculated June 7, and 70 per cent of 80 inoculated July 26 developed general vascular 
invasion and wilt. None of the 90 trees inoculated September 5 developed general 
vascular invasion. Similar inoculations made in apical shoots, 1- or 2-year stems, at 
comparable periods yielded various results. Inoculations made at any time in new shoots 
resulted in only limited invasion with inconspicuous wilt. Inoculations made in 1- or 2-year 
stems prior to May 10 or after September 1 resulted in only limited invasion in 850 
trials. Five per cent of 199 inoculations made in June in l-year stems and 17 per cent 
of 185 made in 2-year stems resulted in general invasion. Such invasion occurred in only 
2 per cent of 167 inoculations made in July on 2-year stems and in none of 197 made 
then in 1-year stems. 

Induced oospore production in the genus Phytophthora, Barrett, J. T. It is well 
known that oospore production in certain species of Phytophthora is rare or erratic, or 
entirely unknown. In other species certain isolates give positive results, others negative. 
Pairing of different isolates of the same species and of different species by several 
students of the genus have resulted in stimulating oospore production. By the use of two 
isolates of P. drechsleri, one determined as male, the other female, and neither producing 
oospores alone, maleness and femaleness has been established in species which rarely or 
never produce oospores such as P. citrophthora, P. cinnamomi, and P. infestans* All 
isolates of P. citrophthora and P. infestans tested react as males, while those of P. cin¬ 
namomi react as females. All isolates of P. cryptogea from California react as males 
and one presumably from South Africa reacts as female. No oospores have developed as 
yet between P. citrophthora, female, and P. cinnamomi male. These results support, and 
extend in part, observations reported by Clinton, Leonian, Narasimhan, and Uppal. 

Supplementary notations relative to spot anihracnoses (Elsinoe and Sphaceloma) in 
Europe since 1936, Bitancourt, A. A., and Anna E. Jenkins. Examination of a culture 
and a leaf specimen discloses the presence in Prance of an hitherto unrecorded Sphace¬ 
loma on plum. We consider this most likely to be the same species as that found on plum 
in the Crimea in 1916 by Garbowski, who later reported it under the name of the related 
Hadrotrichum populi Sacc. Snowberry anthracnose, previously known only from North 
America, is here reported from France and Denmark. A revision of our 1936 tabulation 
of spot anthracnoses is offered with respect to present knowledge of their incidence in 
Europe. 

Transmission of clover club-leaf virus through the egg of its insect vector. Black, 
L. M. In experiments started at the Bockefeller Institute, leafhoppers (Agalliopsis 
novella) carrying clover club-leaf virus (Aureogenus clavifolium) were allowed to deposit 
eggs in Grimm alfalfa plants (Medicago sativa). Later each of 30 nymphs was removed 
from the alfalfa as soon as it had hatched so that it had no opportunity to feed on the 
plant in which the egg was laid. Each nymph was placed on a crimson clover seedling 
{Trifolium incarnatum) and transferred at weekly intervals to a fresh seedling until it 
died. Three insects died within two weeks. The remaining twenty-seven lived from 
13 to 33 weeks. The clover test plants and an equal number of control plants were grown 
i|i a greenhouse for at leasi six weeks after the removal of the insects. Twenty-four of 
the 27 insects or 89 per cent transmitted the disease. None of the insects infected plants 
until at least 3 weeks had elapsed from the time of hatching. Best transmission occurred 
during the 7th to 11th weeks inclusive. Altogether 68 of the 642 test plants and none 
of the control plants were infected. This is the second instance of a plant virus being 
transmitted through the egg of its insect vector. 

The occurrence' and transmission of Little Cherry in Washington, Blodgett, E. C., 
E. L. l^EVES, 0. M. Wright, and H. E. Williams. The Little Cherry Disease recognized 
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in Washington first in 1946 in four orchards in three sections of the State was found to 
be widely scattered according to the 1947 survey. A total of 172,078 bearing cherry 
trees (about one-third of the Statens total) was examined on 2,458 properties in 16 
counties east, and in 5 west, of the Cascade Mts. A total of 289 infected properties was 
located in 13 counties east of the mountains, which represents a total of 1,471 trees 
affected or less than 1 per cent of those examin^. It is believed that the disease has been 
in the State for about 5 years. Bud inoculation tests on June 27, August 19, and Septem¬ 
ber 18, 1946 on six healthy Bing and two Lambert trees showed by mid-summer of 1947 
that the virus had been definitely transmitted to four Bing and to the two Lambert trees. 
Of four root inoculated Bing trees, only one had the disease. Control of the disease is 
being attempted with a voluntary tree removal program. 

Leaf rust of wheat in Mexico, Borlauo, N. E., and J. Rupert. Leaf rust of wheat, 
caused by Puccinia ruhigovera tritici, has become an increasingly important factor in 
wheat production in Mexico. Many varieties introduced into Mexico because of their 
known stem rust resistance have been found exceedingly susceptible to leaf rust under 
Mexican conditions. Furthermore, there is in Mexico at least one physiologic race of 
leaf rust not commonly found elsewhere and highly pathogenic to a wide range of 
varieties, including the durums. Mida and Trigo Supremo x 41—116 have been selected as 
the best parental material for leaf rust resistance. Newthatch and Kenya, commonly 
used as parents when stem rust resistance is sought, are highly susceptible to leaf rust 
races in Mexico. 

Further studies on bacterial necrosis of the giant cactus. Boyle, Alice M. This 
paper summarizes the advances made in the study of bacterial necrosis of the giant cactus 
(Carnegiea gigantea (Cereus giganteus)) since the initial report before this Society at ^ 
Philadelphia, 1940, and the publication of a paper on the disease in PHYTOPATHOLOGY ' 
in 1942. The disease is distributed over practically the entire habitat of the giant cactus; 
rapid spread is attributed to the activity of an insect vector now identified and proved 
culpable; longevity of the pathogen, age of the host with relation to susceptibility, and 
the astonishing attempts of the host to ‘ ‘ cork-off ’ ’ the bacterial lesions have been inves¬ 
tigated. Serological studies support cultural, morphological, and other evidence that 
Erwinia carnegieana is an authentic species of bacterium. 

Studies on plant teratomas. Braun, Armin C. When certain moderately virulent 
strains of the crown-gall bacterium were inoculated into Kalanchoe plants at different 
points along the stem, typical undifferentiated’ tumors, similar to those found on many 
other hosts, were produced. As the tumors enlarged those that originated in the younger, 
less differentiated portions of the stems produced leaves and stems that showed varying 
degrees of morphological differentiation. Many of these structures were highly distorted; 
others appeared to be more or less normal. Studies designed to determine whether these 
structural elements arose from normal host cells or from tumor cells strongly suggested 
that they were the result of the growth of tumor cells that had recovered in varying 
degrees from the effects of the tumor-inducing stimulus. The results can perhaps be 
interpreted by assuming the presence in plant cells of factors that determine the morpho¬ 
genetic fate of the cells. In those instances, in which undifferentiated tumors developed, 
the factors concerned with morphogenetic determination must have been completely over¬ 
whelmed by the action of the tumor-inducing principle. The relative competence of the 
cells acted upon may therefore bo of fundamental importance in determining the type 
of structure that ultimately develops. 

Cytological effects of penicillin and streptomycin on crown gall. Brown, J. G. 
Living cells in crown galls, as well as the concerned bacterial incitor (Agrohactcrium 
tumefaciens)f are killed by applications of penicillin and streptomycin to the galls; normal 
cells in and near the resisting necrotic galls remain visibly uninjured. Cytologic study 
reveals progressive stages in the destruction of the nuclei of the gall cells, including 
marked enlargement, sometimes to the degree of bursting of the nuclear membrane, 
followed by shrinkage and deformity; the nucleoplasmic network usually persists during 
the enlargement and into the stages of shrinking. That twigs, green leaves, and 
roots on aerial crown galls originate from normal cells, as maintained by Erwin F. Smith, 
rather than from totipotent gall cells, appears to be strikingly demonstrated in galls 
treated with the mentioned antibiotics: such organs remain alive for varying periods in 
galls otherwise necrotic from application of the antibiotics. 

AntHracnose of cereals and grasses. Bbuehl, G. W. Anthracnose of Sudan grass 
and rye affects the major plant structures. In seedlings from infected seed the first 
internode is invaded, resulting in blighting or later crown infection and rot. Crown- 
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and culm-rot development diminighed during the active vegetative growth of the plants 
and became active again as the plants matured. Yields were reduced by the crown-culm 
invasion. Spore production was usually heavy on the blighted plant parts of Sudan grass 
and less abundant on rye. Temperature response of isolates of Colleioirichum gram- 
inicolum indicated two groups; the one from Sorghum spp. more tolerant to higher tem¬ 
peratures than the cereal and grass isolates. Specialization on host groups was evident. 
Seedling blight of Sudan grass showed little temperature response between 16° and 32° C. 
Bye seedling blight and crown damage was reduced below 10° C. Preliminary evidence 
indicated an important antagonistic effect of soil microfiora on C, graminicolum, 

Aphanomyces cochlioides infestation in irrigated sugar heet-alfalfa rotation plots 
at Newell, South Dakota, Buchholtz, W. F. The sugar beet root-infecting fungus, 
Aphanomyces cochlioides, was abundant in plots devoted to a four-year rotation of sugar 
beets-oats and alfalfa-alfalfa-alfalfa. Plots in two similar four-year rotations, with 
potatoes or wheat in place of sugar beets, were apparently free of A, cochlioides. The 
continuous beet plot, without added manure or fertilizer, was infested, but not so heavily 
as those in the four-year alfalfa-sugar beet rotation. Two continuous beet plots, one with 
phosphate added and one with manure added annually, were apparently free of the 
organism. Plots planted continuously to alfalfa, potatoes, wheat, barley, oats, or corn 
were apparently free of A, cochlioides, Nonfertilized plots, planted to beets alternating 
with potatoes or oats, were infested. Plots in three-year sugar beet rotations without 
legumes were apparently free of the organism. In a six-year rotation of sugar beets-oats 
and alfalfa-alfalfa-alfalfa-alfalfa-potatoes, the third crop year alfalfa plot was heavily 
infested with A, cochlioides, A crop failure on this plot was successfully predicted in 
advance of field planting. Soil infestation by A, cochlioides apparently was ‘initiated’' 
by crops of sugar beets, but very much favored by an abundance of alfalfa, a non-host 
crop, in the rotation. 

Strawberry dud, Campbell, IjEO. The characteristic symptom of strawberry dud is 
a dearth of new root development, ranging from almost a full complement of new roots 
to none at all. Correlated with the root symptoms, an increased red discoloration and 
reduction in vigor of the tops to complete wilting and death of the plants follow trans¬ 
planting. Poor stands and weak plants result. The tops of affected plants gradually 
acquire an open appearance and the younger, central leaves develop lighter green and are 
shorter than normal. Dud occurs most commonly on light, badly leached soils, innately 
deficient in nutrients. Faulty methods of handling plants, such as late digging, delayed 
planting, and poor or prolonged storage aggravate dud. Since the malady occurs where 
barnyard manure, green manure, or ordinary commercial fertilizers are used in abundance, 
some minor element deficiency is suspected as a causative factor. Such factors as over¬ 
heating in the pack will result in symptoms of dud. Growing planting stock on good 
fertile soil and proper handling of plants after digging are being recommended as control 
measures, pending the determination of the primary cause of dud. 

"Effect of temperature on brown stem rot of soybeans, Chamberlain, D. W., and 
W. B. Allinqton. The effect of temperature on the development of the brown stem rot 
of soybeans and on the causal organism was studied in the greenhouse and in the field. 
Air temperature appeared to be the important factor in disease development. When 
artificially inoculated plants were maintained at 15°, 21°, and 27° C., internal stem¬ 
browning appeared within three weeks in plants at 15° C., while plants at the higher 
temperatures showed little or no evidence of the disease. When these latter plants were 
transferred to the 15° C. chamber, they developed symptoms within 2 to 3 weeks. These 
results are correlated with outdoor temperatures in 1945,1946, and 1947 and the develop¬ 
ment of brown stem rot in these years. In culture, the optimum temperature for growth 
of the fungus was 22-24° C.; for germination of conidiff, 21-25° C.; for spore production, 
15-20° C. 

Belation between spore load on the seed and amount of smut infection in cereal 
grains, Cherewick, W. J. A method of determining smut spore load on cereal seed 
grain was developed in response to demands of farmers, and also with a view to conserve, 
during the war years, the short supply of seed disinfectants. This method was soon 
adopted by commercial firms that examine large numbers of farmers’ seed samples and 
recommend whether or not seed treatment is needed. Greenhouse and field tests indicated 
that seed bearing spore loads of 1: 1,000,000 or less by weight did not require seed 
treatment for smut control, and these results were used as the basis for the recommenda¬ 
tions. Beeent experiments revealed, however, that in the case of wheat seed threshed by 
a machine with rubberized cylinder and concaves, smut bajls are frequently not crushed 
and, therefore, spores are not evenly distributed through the grain. While a sample of 
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guch seed may show only a trace of spores it may develop up to 1 per cent smutted plants, 
when planted, owing to the presence of occasional smut balls. Moreover, in barley, false 
loose smut {Vstilago nigra) may be carried in part as mycelium under the hull. It 
would seem, therefore, that cereal seed carrying only a trace of smut spores must be 
treated for smut control. 

Two important diseases of alfalfa in Manitoba, Cherewick, W. J. The most 
prevalent disease in Manitoba affecting both alfalfa and sweet clover is a crown rot 
which results in heavy losses, particularly in the alfalfa crop. Extensive surveys, isola¬ 
tion and inoculation tests during the past several years indicate that, under conditions 
prevailing in Manitoba, a strain of Bhizoctonia solani is the main, if not the sole, causal 
agent of the crown rot. The infected plants are readily invaded by saprophytic or 
weakly parasitic soil fungi which accelerate the disintegration of crown tissues and thus 
predispose the plants to winter-killing. The dead plants occur in patches which are soon 
overgrown with weeds and, therefore, damage occurs both from the reduction in forage 
yield and the infestation of the field with weeds. Another important disease is the 
* ‘ blossom drop ’ ’ of alfalfa. It is prevalent in alfalfa seed growing districts in Manitoba 
and other provinces of Canada and frequently results in a complete failure of seed-set. 
The results of isolation and inoculation tests indicate that this disease may be caused by 
a species of Alternaria. *The infected florets wither and fall off regardless of whether 
they were tripped or not. The addition to the soil of various essential food elements does 
not* seem to have any effect on the disease. 

The pathogenicity of Mycosphaerella citrullina, Chiu, W. F. Pycnospores, asco- 
spores, and mycelium of M. citrullina were found equally infective on cotyledons and 
young foliage leaves of muskmelon and Hawkesbury and Improved Kleckloy Sweet 
watermelons. Foliage leaves of cucumber, Hubbard squash, and Table Queen squash 
were very resistant. Infection of the hypocotyl and the stem of all cucurbits tested 
occurred only through punctures, through weakened areas, or by extension of lesions on 
the cotyledon. Cucumber and Hubbard squash were very resistant to formation of 
cankers on the hypocotyl when young, but both became very susceptible when old. The 
contrary was true for Table Queen squash. Cankers developed on the stems and hypo- 
cotyls of watermelon and muskmelon throughout their growing periods provided moist 
conditions prevailed. Ten isolates, secured by single-spore isolations and by irradiation, 
showed a gradation of pathogenicity from very high to none. The optimum temperature 
for infection of watermelon was 24° C., for muskmelon 16° to 20°. Field experiments 
revealed that Improved Klcckley Sweet watermelon was decidedly more resistant than 
Hawkesbury, while Cubit variety of cucumber was highly resistant compared with Stay 
Green, Chicago Pickling, Parker, Marketer, Long Stay Green, and National Pickling. 

The effect of repeated passage of Helminthosporium sativum through the host on 
genetic variation and pathogenicity, Christensen, J. J., and C. L. Schneider. A line 
of Helminthosporium sativum derived from many successive monosporous isolations and 
grown on artificial nutrients for 28 years was passed through Marquis wheat ten succes¬ 
sive generations. Disease-free seedlings were grown in test tubes containing water agar 
and were inoculated with single conidia of the pathogen. Monosporous cultures were 
made by atomizing the surface of potato-dextrose agar in Petri plates with a dilute 
suspension of spores from diseased plants after each generation in the host. These 
cultures were compared with isolates grown continuously on potato-dextrose agar. With 
the exception of five mutants, 14,400 monosporous progenies from the host were identical 
in cultural characters with the original line. The frequency of mutation of H. sativum 
on the host was approximately 1:2900. Cultures of the five mutants derived from the 
host were strikingly different from each other and their parent in color, type and rate 
of growth, and in amount of sporulation. Pathogenicity tests were made with mono¬ 
sporous isolates of the original line, obtained after five generations on the host, by sowing 
the seed of wheat and barley in infested soil. The virulence of the lino was not changed 
in five successive passages through wheat plants. 

Breeding tobacco for wildfire resistance, Clayton, B. E. Besistance to tobacco wild¬ 
fire was obtained from Nicotiana longiflora, a small wild species. A fertile tobacco-like 
genotype, TL 106, was secured from the first backcross (NtxNlxNt). TL 106 was 
crossed with various susceptible commercial tobacco varieties and F, seed grown. Fj 
plants wpre also backcrossed to the same susceptible varieties. The Fs populations gave 
1,219 susceptible and 232 resistant plants, a ratio of 5.25 to 1. The first backcross popula¬ 
tions gave 1,490 susceptible and 36 resistant, a ratio of 41.4 to 1. Tests with more 
advanced backcrosses showed that there was much variation in the number of resistant 
plants recovered from populations with identical parentage. The results indicate that 
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considerable chromosome irregularity still persists as the consequence of the interspecies 
crosp, but suggest that as this is eliminated segregation on a simple basis is likely. The 
resistance was maintained even in the presence of prolonged, storm induced, leaf water- 
soaking. Field studies of resistant progeny from third and fourth backcrosses to sus¬ 
ceptible tobacco showed that resistance was not linked with any undesirable growth char¬ 
acters. 

The use of potato starch in virus purification, Cochran, G. W. Active tobacco- 
mosaic virus was purified by several procedures involving passage through starch columns. 
The virus was concentrated at the top of the columns by a ^ ^ salting out' * with ammonium 
sulphate or by a precipitation at the isoelectric point. In either case the passage of a 
pH 7, 0.1 M phosphate buffer through the starch moved the virus downward so that it 
could be collected at the bottom of the column as a purified concentrate. A more rapid 
method using extremely short starch columns was devised to fractionate the ammonium 
sulphate precipitable constituents of diseased plant juices. The ammonium sulphate con¬ 
centration, just below the threshold of virus precipitation, was determined. The virus- 
protein mixture was adjusted to this concentration and passed through a thin starch 
filter. The salt concentration was then raised to a point slightly above the threshold of 
precipitation and the virus-protoin mixture was passed through a second thin starch fil¬ 
ter. The virus was held on the top of this second filter and was washed down with un¬ 
salted buffer and obtained as a purified concentrate. 

9 

Development of fungicidal aerosols as foliage protectants, Cohen, Sylvan I. 
Thirty-four chemicals representing thirteen organic classes were tested for solubility in 
or compatibility with freon-12, then screened as an aerosol solution for phytotoxicity and 
fungitoxicity. Promising fungicides were formulated as treatments for the control of 
five foliage diseases. One aerosol treatment using an organic copper formula produced 
96.5-100 per cent protection for 15-30 days against rose black spot, bean powdery mil¬ 
dew, bean anthracnose, and tomato early blight. It also succeeded in eradicating the 
pathogen from 24-hour-old lesions of bean powdery mildew. Two treatments at 15- and 
22-day intervals reduced rust 39.1 to 60.6 per cent on three carnation varieties. A 
method was found to increase the deposit of aerosol droplets upon under and vertical 
surfaces sufficient to inhibit the spore germination of two fungi. Certain aerosol de¬ 
posits exhibited good tenacity, as evidenced by no appreciable loss in fungitoxicity in 
laboratory tests after 4 minutes of washing. Aging of promising aerosol deposits for 
17-30 days produced little or no effect upon their fungitoxic properties. The efficiency 
of aerosol deposits is indicated by the observation that when only 0.23 per cent of the 
total surface area was occupied by aerosol droplets of one formula, 100 per cent in¬ 
hibition of Stemphylium sarcinaeforme spore germination resulted. 

Forecasting late blight in eastern Virginia in 1947, Cook, Harold T. The method 
of forecasting late-blight epiphytotics described last year was put to a practical test dur¬ 
ing the 1947 season. Beginning on May 8, the cumulative rainfall and mean temper¬ 
atures were plotted each day. Forecasts based on the graphs were issued at weekly inter¬ 
vals from May 15 to June 5. All of these forecasts stated that the weather conditions 
wore unfavorable for late blight and that spraying or dusting to control the disease was 
not necessary at that time. The forecasts proved to be correct. There was no epiphy- 
totic in Eastern Virginia and over 90 per cent of the potato and tomato acreage was 
entirely free of the disease. The crops also were free of other serious leaf and fruit 
diseases. Since it would have cost approximately $2,000,000 for routine spraying or 
dusting of the 60,000 acres of potatoes and tomatoes, the elimination of the needless use 
of fungicides is of considerable economic importance. A graph showing the moving 
7-day average rainfall and temperature was developed to supplement the cumulative 
graph. The moving graph was more accurate for analyzing the late blight—weather 
relations over the entire season and also aided in correcting for unusually heavy rainfall 
early in the forecasting period. 

Antibiosis and sugarcane root rot. Cooper, W. E., and S. J. P. Chilton. During 
the past two years, more than 6500 isolates of Actinomyces were obtained from Louisiana 
sugarcane soUs. These were tested in culture to determine which ones were antibiotic to 
Pythium arrhenomanesy one of the important fungi causing root rot of sugarcane. The 
four major soils showed a consistent difference in the number of antibiotic Actinomyces, 
The Yahola silt loams had the highest number, the Yazoo silt loams next, the Iberia silt 
loams and first terrace soils were third, and the Sharkey clays the lowesL Comparative 
yield tests during 5 years with sugarcane on the various soils gave yields correlat&g with 
the number of antibiotic Actinomyces, In greenhouse tests in sterile soil, certain of the 
Actinomyces increased in the soil and reduced root rot ia corn. Other strains failed to 
increase in the soil. 
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Stem anthracnose of Lima heart and its control. Cox, Robert S. Stem anth’racuoso 
(Colletotrichum truncatum) causes serious losses of Lima beans in North Carolina. Al* 
though the most striking symptoms are brick-red lesions on pods, stems, and leaves, 
lesions commonly occur on the inflorescence, frequently resulting in blossom-drop and 
death of immature pods. The spore mass is typically gray, but a pink one is occasionally 
produced. In culture this pinkness is retained indefinitely. Experimental evidence in¬ 
dicates that the fungus is seed-transmitted. Of 16 varieties tested, all were highly sus¬ 
ceptible, except Jackson Wonder, which showed some tolerance. Fungicidkl sprays and 
dusts were applied at weekly intervals on replicated plots of the Henderson Bush variety. 
Phygon spray gave most effective control on foliage, steins and pods. Tn the spray test, 
average yields of marketable pods (lbs. per acre) from Phygon (1.5-100), Fermate 
(3-100), and control plots were 5847, 4803, and 1711, respectively. Of the dusts tested 
(Phygon, 5 per cent; Dithane Z-78, 6 per cent; Fermate, 10 per cent; Zerlate, 10 per 
cent; and tribasic copper sulphate, 5 per cent metallic copper), only Phygon and Dithane 
significantly controlled the disease. Phygon (dust or spray) caused slight leaf chlorosis 
and blossom-drop. Tribasic copper c^iused moderate foliage injury. 

The effect of temperature and nitrogen source on the development of stem rust of 
wheat. Daly, J. M. The effect in sand culture of 40 three-salt nutrient solutions on the 
reactions of three spring wheats to race 56 of Pucchiia graminis tritici was studied at 
temperatures above 80° F. At these temperatures, mineral nutrition did not alter stem 
rust reaction, although nitrogen concentration ranged from 20 to 305 p.p.m. Mindiiin 
was resistant (infection types 0; to 1) ; Marquis was susceptible (infection types 3 to 4) 
and Thatcher was susceptible (infection types 3 to 4) except in one experiment during 
a period of low light intensity when Thatcher was resistant (infection types 0; to 1). 
At temperatures below 70^ F., certain forms of nitrogen affected the stem rust reaction of 
Thatcher, but not Mindum, wheat. Thatcher was mesothetic (infection typo X) when 
grown in a mixture of three parts sand and two parts loam and supplied with 400 p.p.m. 
of nitrogen as Ca(NOa)a or KNO.,; but plants supplied equivalent nitrogen as (NH4)2S04 
were resistant (infection types 0; to 1). Applications of NH4NO3 resulted in resistance 
or moderate resistance to stem rust. The pTI of the nutrient solution did not change 
the effect of nitrogen. Applications of Ca(NOa)o, (NH4)2S04, Nn 4 N 03 , or urea did not 
influence either the infection type or percentage of stem rust in field plots. 

Inhibition of tobacco strealc virus by juice from healthy plants. Diachun, Stephen. 
Usually numerous local lesions develop on carborundum-dusted tobacco leaves rubbed with 
inoculum prepared by crushing streak-infected-leaves of Nieotiana rustica with 0.1 M 
Na 2 HP 04 , but at times the number of such lesions is small. Thorough crushing of leaves 
in preparation of inoculum is one factor that reduces the number of local lesions, as 
compared with inoculum not so thoroughly crushed. Addition of juice from healthy 
leaves of N. rustica or N. tabacum to inoculum prepared from infected N. rustica also 
reduces the number of local lesions produced by the inoculum. It is possible that such an 
inhibitor may interfere in studies on concentration or rate of multiplication of virus in 
infected plants. Tobacco mosaic virus is not inhibited by juice from healthy tobacco 
plants. 

Aspects of fungicidal control of snapdragon rust. Dimock, A. W., and K. F. Baker. 
Injury to snapdragons (Antirrhinum majus) from rust (Puccinia antirrhini) results from 
(1) a comparatively benign host-parasite interaction, (2) desiccation of invaded areas, 
(3) invasion by secondary organisms through rust-infected tissues, the type of injury de¬ 
pending on moisture conditions. With high inoculum potential the rust fungus was not 
controlled by weekly applications of Bordeaux mixture (8-8-100 plus DuPont Spreader- 
Sticker 1-1000) under either moist conditions at Ithaca, New York, or semi-arid condi¬ 
tions at Los Angeles, California. At Ithaca, nonsprayed snapdragons were only slightly 
damaged by desiccation, but all leaves were killed by secondary organisms. Bordeaux, 
though failing to control rust, gave almost complete control of secondary organisms and 
thus prevented loss of foliage, so that the plants appeared vigorous. Under dry condi¬ 
tions principal injury is from desiccation, and secondary organisms are not involved; 
hence Bordeaux does not prevent plant damage. These results may explain the reported 
effectiveness of Bordeaux under moist conditions in England and British Columbia, and 
its ineffectiveness under dry conditions in the United States, Europe, and Egypt. In con¬ 
trast to Bordeaux, Parzate (2 Ib./lOO gal., plus above spreader) gave almost perfect con¬ 
trol of rust, and, therefore, of secondary organisms, without host injury, in both localities. 

Chemotherapeutic action of S-quinolinol benzoate against Butch elm disease. Di- 
MOND, Albert E. When treated with 8-quinolinol benzoate, Dutch elm diseased trees 
suffer half as much as untreated trees. Beneficial effects are most pronounced when 0.1 
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per cent solutions are injected under pressure into the soil around feeding roots at the 
rate of 5 gal. per inch DBH. Surface watering over feeding roots is less effective and 
scattering of dry chemical followed by watering is ineffective. Treatment before leaf 
buds expand is without effect; in May and June treatment results in fewer foliage symp¬ 
toms than in <diecks; and in August and September it reduces overwinter dieback. Trees 
treated in very early st&fea of infection are benefited most; those treated after involve¬ 
ment has become extensive are scarcely benefited. Although remedial action starts to 
disappear within 90 days and wears off completely in one year, differences between treated 
and untreated trees may be maintained by reapplying the chemical within six months to 
a year. Healthy trees may possibly be protected against natural infection when inoculum 
potential is low. Becovery of diseased trees is infrequent, but treated ones recover more 
often than untreated ones do. 

Injury to cotton from weed-killer, Dunlap, A. A. Fields of cotton in the 

Gulf Coast area of Texas, apparently injured by 2,4*D dust applied to neighboring rice 
fields in late May and early June, were kept under observation during the remainder of the 
growing season. The effects of the chemical on vegetative and fruiting parts of the plants 
wore recorded in fields planted on different dates. No cotton plants were found that had 
died from the effects of the chemical in the affected fields. Young plants recovered from 
2,4-D injury more rapidly than old plants. Rate and degree of recovery depended on 
such factors as age of plants, degree of injury, rainfall, and soil fertility. Owing to 
the high sensitivity of cotton to 2,4-D, minute traces of the chemical apparently can 
cause marked morphological changes. Evidence of impaired germination of the cotton 
seed has been obtained. 

Effects of super concentration on the size of conidia produced by Ilelminthosporium 
victoriae, Elliott, Edward S. As part of a more extensive study of factors influencing 
fructification of fungi, the effect of the carbohydrate content of culture media upon 
sporulation of Helminthosporium victoriae M. & M. has been investigated. Isolates from 
Vicland oats (West Virginia) sporulated abundantly under most laboratory conditions. 
Conidia produced on medium containing 2 per cent sugar were approximately one- 
third the length and contained one-third as many colls as conidia produced on medium 
containing 0.1 per cent sugar. Within limits, the length of conidia and the number of 
septations are inversely proportional to the quantity of carbohydrate in the medium. 
Variation in kind and amount of nitrogen had no apparent effect upon the size of 
conidia. These results emphasize the need for caution in comparing spores i)roduced 
in culture with those produced in nature. The diminutive conidia germinate as readily 
hs normal sized conidia. 

Investigations on the physiology and pathogenicity of Vstilago zeae, Feldman, 
A. W. A comparative physiological study was made on seven lines of Vstilago zeae. 
These lines included five haploids (17 D 4 and 10 A 4 , lines of opposite sex, and three mutants 
of 17 D4). The two solopathogens (410 n, a weak solopathogen, and 410 yy, a strong 
solopathogen) were obtained from a cross between 17 D 4 and 10 A 4 . Differences among 
the lines were evident by: 1) pathogenicity; 2) proteolytic activity; 3) growth in liquid 
media; 4) effect of enzyme inhibitors; 5) effect of donators; and 6 ) respiration studies 
with seven carbohydrates, seven organic acids, and eight amino acids. Combination tests 
(employing manometric techniques) with lines of opposite sex as well as with the 
solopathogens indicated: 1 ) no stimulating substance(s) was formed when glucose was 
used as the metabolite; 2 ) stimulation was observed when two lines of opposite sex were 
combined with corn extract as the metabolite; 3) no stimulation resulted when two lines 
of the same sex were combined; and 4) stimulation substance(s) was obtained from 
culture extracts but not from galls or from the protoplasm of lines tested. It was possible 
to correlate the physiological activities of the lines and combinations with the patho¬ 
genicity ratings obtained by tests on corn inoculations* over a two-year period. 

Physiological effect of Vstilago zeae on corn, Feldman, A. W. The effect of 
Vstilago zeae on the host was studied by comparing the respiratory rates of the nodes from 
healthy and diseased plants, and of galls. The effect of a gall on the ear located at node 
fi was a lowering of the respiration of all the nodes below the site of infection. No galls 
were produced by plants inoculated with line 410 n (a weak solopathogen) but nodal 
respiration was inhibited down to the fourth node. The aerobic respiration of the nodes 
from diseased plants was inhibited more than the anaerobic respiration of the correspond¬ 
ing nodes. It was possible to correlate the relative pathogenicity ratings for seven 
lines and combinations of Vstilago zeae to the QOa values obtained at node 3 from plants 
inoculated with these lines and combinations. The B.Q. values for healthy nodes, nodes 
from diseased plants, and galls were 0.82--0.85, 0.68-0.73, and 1 . 20 , respectively. Cate¬ 
chol and ascorbic acid increased the oxygen uptake of all three tissues* Potassium 
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bisulphite and sodium fluoride were without effect on any of these tissues, but malonic 
acid and sodium nitrite inhibited most the respiration of nodes from diseased plants. It 
was impossible to demonstrate any differences among the lines and combinations of 
Ustilago eeae in the physiology of the galls, or in the nodal response to inhibitors and 
donators. 

Correlation "between sugar beet crop losses and greenhouse determinations of soil 
infestations by Aphanomyces cochlioides, Fink, Harry C. Soil samples were taken from 
24 sugar-beet flelds in the spring, prior to field planting. Treated (ethyl mercury 
chloride) seed was planted in these soil samples in the greenhouse. The percentage of 
seedlings infected in 30 days by Aphanomyces cochlioides was determined and recorded 
for each soil sample. The percentages ranged from 0 to 100. During August the loss 
in stand and the presence of diseased beets in each field was estimated as percentage loss 
of the crop. The estimates ranged from 0 to 95 per cent; three poor fields had been 
destroyed all or in part by growers. There was a correlation of 0.925 between percentage 
of seedlings killed by A, cochlioides in the greenhouse and field crop-loss estimates. Green¬ 
house determination of soil infestation by A. cochlioides offers promise as a means of 
predicting sugar-beet crop losses. 

hybridization between Ustilago hordei and V. bullata, Fischkr, George W. Sev¬ 
eral hybrids of Ustilago hordei x U. bullata were obtained, when one collection of U* 
hordei from Elymus canadensis and four races of U. bullata were crossed. These inter¬ 
specific hybrids yielded Fi spores which germinated in such bizarre fashion that F, 
spores had to bo used to obtain the Fa generation, rather than monosporidial cultures 
from Fi spores. When U. bullata from Bromus tectorum, having verrucose spores with 
uniformly colored wall, was crossed with Z7. hordei, having smooth spores with wall 
lighter colored on one side, the F, and Fg spores were cchinulate and distinctly lighter 
colored on two sides. When U. bullata from B. purgans, having large (8-11 \i) Yer- 
rucose spores with uniformly colored wall, was crossed with Z7. hordei, having smaller 
(5-8 ^i), smooth spores with wall distinctly lighter-colored on one side, the Fi spores 
were small (5-9 p,), minutely cchinulate and with a tendency to bo lighter colored on 
two sides. The Fa generation segregated as follows; small (7-10 p), echinulato, with 
a tendency to be lighter colored and more strongly echinulate on one side; small (6-9 p), 
smooth, lighter colored on two sides; largo (13-16 p), punctate, with uniform wall; 
and largo (11-12 p), echinulate, with spores lighter colored and more strongly echinu¬ 
late on one side. 

hybridization between Ustilago striiformis and U, bullata, Fischer, George W. 
From pedigreed monosporidial cultures of opposite sex, 10 Fi hybrids were obtained 
between U. striiformis forma hordei and two races of U, bullata, when Agropyron 
trachycaulum and Elymus canadensis served as common hosts. Without exception the 
Fi sori were of the stripe typo typical of U, striiformis, although in 9 of the hybrids 
sporulation was in the glumes and flag loaf rather than in the lower leaves. Germina¬ 
tion of the Fi spores was so bizarre that monosporidial cultures were not obtained and 
it was necessary to use Fi spores as inoculum to obtain the F, generation. The pei^ 
centage of infection obtained in the second generation was too low to permit the 
determination of genetic ratios of segregation. Three of the Fi hybrids produced only 
stripe typo sori in the Fj, one produced only head type, two segregated into both, and 
four failed to produce a second generation. The Fi spores were minutely echinulate 
as compared with the prominent echinulations in U. striiformis and the rough ver- 
ruculations in U, bullata. In the Fj the head type sori contained verrucose spores, 
while the stripe type sori contained echinulate spores. 

host nutrition in relation to development of bacterial wilt of tomato, Galleoly, 
M. E. Bonny Best tomato plants were grown in constant drip sand cultures of 0.1, 
0.5, 1, 2, and 3 times a basal salt solution and in cultures with the basal solution low 
and high in nitrogen, phosphorus, and potassium. Inoculations were made after 24 
to 28 days^ growth by dipping the washed roots in a concentrated cell suspension of 
Bacterium smanacearum. In concentrations of the balanced solution, disease develop¬ 
ment was greatest at the 0.1 level and decreased with an increase in salt concentration. 
Little difference was observed in the two highest solutions. In the unbalanced solution 
low in potassium, disease development was increased over that in the basal solution; 
while in the solution high in nitrogen, disease development usually was decreased. No 
correlation of disease development with growth of the host was observed. 

Beaotion of onion varieties to isolates of the pinh-root organism, GtoEENz, A. M., 
AND B. H. Larson. Usini^ a sand-culture seedling test, 48 lots of onion, including major 
standard varieties, were inoculated with isolates of rhoma terrestris from Louisiana, 
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Texas^ California, Illinois, Iowa, Colorado, Utah, Massachusetts, and Wisconsin. Yellow 
Bermuda, Beltsville Bunching, and one lot of White Sweet Spanish were the most re¬ 
sistant. Crystal Grano, Ailsa Craig, and Autumn Queen were the most susceptible. 
In reaction to any given isolate, the varieties always assumed the same relation to one 
another in order of resistance and susceptibility, although some isolates were highly 
virulent and others mildly so. With the three most virulent isolates, one each from 
California, Colorado, and Louisiana, the Yellow Bermuda, Beltsville Bunching, and White 
Sweet Spanish seedlings were nearly all killed in the course of the test but nevertheless 
succumbed more slowly than the more susceptible varieties. 

Investigation on the mechanism of fungicidal activity, Gottlieb, David, and 
David Davis. Six materials were investigated to determine their effect on the respi¬ 
ration and growth of Selerotinia fructicola. The fungicides were used at concentrations 
of 0.1, 1.0, 10, 100, and 1000 p.p.m. in Blakeslee’s 230 medium. Growth was determined 
after a 48-hour period and respiration was measured in a Warburg manometer for three 
hours after the addition of the compound. The effects of all compounds were not the 
same, since growth was more readily inhibited than was respiration with some of the 
materials but not with others. Thus S-qiiinolinol sulfate and copper-8-quinolinolate 
inhibited growth almost completely at concentrations as low as 0.1 p.p.m. whereas no 
inhibition of respiration could be measured with 10 p.p.m. * No inhibitory effects were 
observed with 6,7-dinitro-8-quinolinol at any of the concentrations used. Isothan Q15 
both prevented growth and inhibited respiration almost completely at 10 p.p.mf Copper 
sulfate 5HaO exerted no deleterious effect on either growth or respiration in Blakeslee’s 
medium until 1000 p.p.m., but when the respiration of washed mycelium in a 4 per cent 
glucose solution was measured, inhibition of respiration was observed at 1.0 p.p.m. 
Variable results were obtained with 2,4-dinitrophcnol. 

Preliminary observations and experimentation on relation of insects fo purple-top 
of potatoes in Minnesota. Granovsky, A. A., and A. G. Peterson. Purple-top wilt of 
potato, occasionally serious in Minnesota, was of minor importance in 1947. The symp¬ 
toms of purple-top wilt, as occurred in Minnesota are differentiated from similar symp¬ 
toms associated with other diseases. Although the symptoms agree with those reported 
by Leach for purple-top wilt, the definite cause of the disease has not been verified. 
During 1947, purpling of foliage in most fields was the result of rhizoctonia stem cankers 
and blackleg infections rather than purple-top wilt. Usually purpling symptoms caused 
Jiy these other diseases are attributed to purple-lop wilt. Efforts to produce typical 
purple-top wilt on potatoes in outdoor cages and greenhouse have thus far been un¬ 
successful. Insects experimentally used: Macrostcles divisus from aster-yellows-infected 
asters; from barley; and from wild host plants; also such insects as Polyamia inimica, 
Adclphocorus lineolatus, A. rapidus, Lygus oblinealusy Miris dolabratus, Stenotus bino- 
tatus, and Capsus atratus. Periodic insect surveys of potato fields were made in various 
sections of the State during the season. The only appreciable differences in insect and 
disease occurrence in so-called purple-top areas have been greater abundance of Lygus 
and Adelphocorus spp. and increased incidence of aster-yellows on carrots without in¬ 
creased populations of M, divisus, 

A pod-distorting strain of the yellow-bean mosaic virus. Grogan, Ray G. In 1946 
bean plants of Refugee varieties highly resistant to bean virus 1 were found in Wis¬ 
consin fields, which showed leaf symptoms of yellow bean mosaic (bean virus £), but 
were more severely stunted than typical, and bore severely distorted pods. The com¬ 
mon strain of bean virus S infected all varieties tested, causing stunting and chlorotic 
mottling of the leaves. The virus from pod-distorted plants did not infect Great Northern 
UI 59, UI 123, and UI 81. It caused top necrosis on Great Northern UI 1 and UI 15, 
Michelite, Stringless Blue Lake, Scotia, Tendergreen, Bountiful, Potomac, and McCas- 
lan, and its host range was much narrower than that o'f the common strain. Its physical 
properties were: heat inactivation, 5^-60° C.; longevity in vitro, 32 hours; dilution end 
point, 1-2000, Richards and Burkholder’s strain of bean virus 1 and the common strain 
of bean virus S both protected against top necrosis on Michelite, while southern bean 
mosaic (bean virus 4) and Whipple and Walker’s strain 14 of cucumber virus 1 gave no 
protection. The pod-distorting virus is considered a strain of bean virus 2 and as being 
related to Richards and Burkholder’s strain of bean virus 1, 

The relation of common bean mosaic to black root, Grogan, Ray G. Certain 
varieties of string bean derive their high resistance to common mosaic and greasy pod 
from Corbett Refugee. Ordinarily, plants of these varieties show no symptoms when 
inoculated with bean virus 1, and the virus is not recovered from such plants. It was 
noted that rare plants, inoculated by rubbing with the virus of common mosaic or that 
of greasy pod, developed extreme necrosis symptoms. When plants were inoculated by 
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approacli graft with susceptible Stringless Green Refugee plants (which were inoculated 
after the graft union took place) a high percentage of plants developed necrosis similar 
to that described for black root. When plants were inoculated by hypodermic injection 
similar results were secured. If plants were so inoculated in the early-pod stage, ne¬ 
crosis of pods characteristic of black root followed. It is concluded that black root is 
an expression of common bean mosaic by plants that are highly resistant to the virus. 
Varieties of bean, deriving their resistance from Robust or Great Northern varieties, 
and in which resistance is distinct genetically from that of Corbett Refugee, showed no 
necrosis or black root when inoculated. All bush-bean varieties tested that were tolerant 
or susceptible to bean virus 1 remained free from black root. 

Apple rust controlled by airborne application of Fermate, Groves, A. B. Seven-acre 
plots of thirty-odd-year-old York and Winesap apple trees received airborne applications 
of spray concentrates beginning with the pink spray and continuing through the first 
cover spray when applications were discontinued after a freeze-out. Fungicides used in 
the concentrate formulae included liquid lime-sulfur, Puratized Agricultural Spray, and 
Fermate, plus various adjuvants. Application was at the rate of 8 gallons per acre; 
7\ oz. of Fermate was used per gallon. A single Fermate application made on May 11 
reduced foliage infection from an average of 17.94 lesions per leaf on the poorest plot 
to 1.05 per leaf, a reduction of over 94 per cent. The application followed a favorable 
rust infection period of six days duration by four days, and was followed by another 
period of two days duration after two days. 

Compelibility of organic fungicides wUh aearicides and DDT. Groves, A. B. 
Combinations of organic fungicides plus DDT with the aearicides DN-111, Compound 
714, Genicide, and hexaethyltetraphosphate were applied to Delicious, Grimes, and 
York apples to determine their compatibility in terms of fungicidal effectiveness and 
safety. Fermate and Bioquin gave fair scab control and were unaffected by all acari- 
cides except Genicide, which added to their effectiveness. Phygon and Compound 341 
gave good scab control and were unaffected by combinations. Scab control with Pura¬ 
tized was poor and variable, its effectiveness being reduced by hexaethyltetraphosphate 
and fortified by Genicide. Fermate and Phygon gave excellent rust control in all com¬ 
binations. Puratized gave fair rust control, Genicide increased its effectiveness while 
both hexaethyltetraphosphate and Compound 714 destroyed its value against rust. Bio¬ 
quin was ineffective against rust and although Compound 714 increased its effectiveness 
some, best results with Bioquin were obtained when used with DN-111 or Genicide. 
Compound 341 gave fair rust control and was unaffected by all combinations. All or¬ 
ganic fungicides tested proved non-injurious when used with DDT alone. All com¬ 
binations with Genicide were unsafe, that with Compound 341 causing the least injury. 
Phygon plus DN-111 caused fruit and foliage injury. Fruit set was too variable to 
secure complete data. 

Three viruses of canning pea. Hagedorn, D. J. Three apparently undescribed 
viruses of canning pea, Pisum sativum, were isolated from plants in Wisconsin pea fields. 
One virus produced mottle of the leaves; another caused streaking of the stem; the third 
brought about stunting of the plant. Host range tests indicated that all three viruses 
are limited to the Leguminosae. The mosaic and stunt viruses were transmitted by pea 
aphid (Illinoia pisi), but attempts to transfer the streak virus by this means yielded 
negative results. The mosaic virus was infective to Melilotus alba, M. officinalis. Tri- 
folium pretense, T. incarnatum, Phaseolus vulgaris, Vida faba, Lathyrus hirsutus, 
Trigonella foenum-graecum, and Pisum sativum var. arvense. It was not transmitted 
through seeds collected from diseased peas or beans. It tolerated dilution of 1:10,000 
and was inactivated in vitro within 24 hours. The streak virus was infective to M. alba, 
Trifolium pretense, T. incarnatum, T. hybridum, and L. hirsutus. It tolerated dilution 
of 1:1,000,000 and remained active in vitro for seven days. Hosts of the stunt virus 
included T. pretense, T. incarnatum, Trigonella foenum-graecum. It was slightly in¬ 
fectious at 1:10,000 dilution and was inactivated in vitro at about 48 hours. 

Cure of crown gall with antibiotics. Hampton, Jack E. Through the use of pen¬ 
icillin and streptomycin, both commercial and locally produced crude, numerous cures of 
crown gall have resulted. Usualljr the galls were treated by applying to them a cotton¬ 
wool pad saturated with the antibiotic. Streptomycin is somewhat more efficient than 
penicillin, but more than one treatment with either has seldom been necessary. The 
antibiotics have also been used in immersions of galled roots and by hypodermic in¬ 
jections. Treated galls have been cured on Bryophyllum pinnatum, Lycopersicon^ es- 
cvXentum, Bidnus communis, Prunus domestica (Green Gage Plum), P. salidna (Satsuma 
Plum), Pyrvs communis (Bartlett Pear), Prunus cerasus (Duke Cherry), Ligustmm 
lucidum, and other plants. Galls treated on these plants were either aerial or sub- 
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terrancan, soft or hard, on the stems, taproots, and secondary roots. Use of antibiotics 
on crown gall should prove particularly valuable in nurseries. 

Victoria blight of oats in Kansas, Hansing, E. D., Hurley Fellows, C. O. 
Johnston, and A. L. Clapp. In 1946 Victoria blight caused a loss of 1 per cent. In 
1947 the disease was generally distributed on susceptible varieties and caused a loss of 
30 per cent in northeastern Kansas, 20 per cent in southeastern Kansas, 5 per cent in 
central Kansas, and a trace in western Kansas. Osage, Neosho, Boone, and Tama were 
susceptible, while Kanota and Fulton were resistant. Cherokee, Nemaha, and Clinton 
were recommended for 1948. These are resistant to Victoria blight, smut, and the crown 
and stem rust races found commonly in Kansas. Victoria blight was favored by high 
soil temperatures (optimum 22° to 26° C.) and by moderately high moisture. No symp¬ 
toms of the disease were observed pn Neosho oats grown in soil at 10° and 13° C., but 
when these plants were transferred to 23° C. the disease developed rapidly. Seed treat¬ 
ment was effective in controlling the disease in sterile soil, but only partially effective 
in infested soil. Crop rotation was partially effective in controlling Victoria blight. In 
eastern Kansas, when susceptible oat varieties were preceded by the following crops, 
percentages of loss occurred as follows: susceptible oat varieties, 38; corn, 27; clover 
and meadow, 26; soybeans, 24; wheat, 18; and resistant oats, 4. 

Field inoculation technique with Aphanomyces root rot of garden pea. Hare, Wood- 
row W., AND Darrell G. Wells. Natural infection by the root rot organism, Aphano¬ 
myces euteiches Drechsler, is extremely variable from year to year in Wiscemsin. To 
tost possibilities of artificial inoculation of field plots two varieties of garden pea 
{Pisum sativum L.) were planted in 1947 according to a split-plot design. The Pride 
variety, because of observations indicating possible tolerance to the disease, was compared 
to highly susceptible Wisconsin Perfection. Three applications of inoculum of A. 
eutei^es were placed on separate rows at different times with one row left as check. 
Plants were classified according to disease reaction 76 days after planting, and disease 
indices were calculated. There were no significant differences between varieties or 
interaction of varieties and treatment. Differences between treatments were highly 
significant. Inoculations made before planting and when the peas were 6 to 8 inches 
high produced significantly more disease than inoculation when the peas were in late 
blossom. Late blossom inoculation was significant over the check. 

Stem rust of wheat in Mexico, Harrar, J. G., and N. E. Borlauo. As previously 
reported, the tendency for the establishment of all of the important physiologic races of 
Puccinia graminis tritici in all wheat-growing areas of Mexico is increasingly evident. 
Race 38 is regularly found in both northern and central Mexico although not reported 
from Sonora in the northwestern part of the country. Race 17 is found in all three 
regions as is race 56. Races 59, 59-A, and 19 are still restricted to central Mexico. It 
is probably not feasible to consider that varieties may be selected for the several whent- 
growing areas of Mexico on the basis of their resistance to predominant races found in 
those regions, but rather is it necessary to consider that improved wheats for Mexico 
must be developed with reference to all the important races found in the country. At 
the present time there are available for increase, selections from varieties of Kenya, Trigo 
Supreme X 41-116, and Frontaira x 41-116, and selections from crosses of Newthatch 
xMarroqui, Kenya x Aguilera, and MidaxPeldn Colorado, which in test give promise 
of a high degree of resistance to the predominant physiologic races found in Mexico. 

Resistoince in onion to smudge, neck rot, and black mold, Hatfield, W. C., and 
J. H. Owen. Twenty-two varieties of onions were tested in an attempt to correlate 
disease incidence with certain characteristics of the varieties. Using a bioassay, little 
correlation was found between the fungicidal and fungistatic action of the expressed 
juice and its vapor and disease incidence of smudge (Colletotrichum circinans), A definite 
correlation existed between certain scale characters and smudge incidence in colored 
varieties. Those varieties with poor outer scale adherence were more susceptible than 
those with tight, well developed scales. This does not apply to the white varieties 
where absence of color leads to susceptibility. The incidence of neck rot (Botrytis 
allii) was definitely correlated with pungency, those varieties highly pungent having 
lower disease incidence than the milder varieties. Incidence of black mold {Aspergillus 
niger) was correlated with bulb color differing from smudge in that colored varieties 
were more susceptible than the white ones. The parasitic action of the three organisms 
varied with their tolerance te the antibiotic substances present in expressed juice of 
the succulent scales. B, allii was the most aggressive and the least affected by the 
antibiotic substances. C, droinans was less aggressive and more affected. A, niger 
was least aggressive and most affected by the antibiotic substances. 
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Pathogenicity of single spore isolates of the fusarium-wilt organisms of musJcmelon^ 
and watermelon, Hendbix, J. W., E. P. Du Charme, and Habby Mubakishi. Previ¬ 
ous workers have attributed watermelon wilt and muskmelon wilt to forms 1 and 2 of 
Fusarium bulbigenum yar, niveum, respectively, and have found no exceptions to strict 
host-pathogen specificity. Further research by the writers has shown that some isolates 
from wilted muskmelon plants cause severe prc-emcrgcncc killing and wilting of water¬ 
melon seedlings in the greenhouse. Some isolates from watermelon parasitize musk¬ 
melon. For example, certain monosporous isolates from muskmelon caused as much as 
40 per cent reduction in stand of watermelon while similar losses resulted when musk¬ 
melon seedlings were grown in soil infested with isolates from wilted watermelon plants. 
On the original host plants, different isolates caused from 0 to 100 per cent killing. In 
general, the virulence of an isolate was greater on its original host than on the second 
host plant; nevertheless, several isolates from watermelon caused a more severe reduction 
in stands of muskmelon than of watermelon. 

Wilt epidemiology and resistance in the mimosa tree. Heptinq, Geoboe H., and E. 
Biohard Toole. Within the 12 years since the fusarium wilt of Albizzia was discovered, 
it has spread widely until now it is known in 76 counties from Maryland to Alabama. 
At Morganton, North Carolina, where the wilt appeared on one city block in 1943, trees 
were dead or dying on 232 blocks by 1947. Search for wilt-resistant mimosas was begun 
in 1939. Six hundred and thirty-two seedlings were grown from seed collected from 
Maryland to Louisiana. After several inoculations, the remaining seedlings were planted 
in infested soil. Twenty of them have remained wilt-free for 5 years, while neighboring 
volunteers have died. Eight stem cuttings rooted from these trees and 17 from some 
random volunteers were inoculated at one time. All volunteer cuttings died of wilt the 
first year, but none of the cuttings from the resistant selections died. Booted cuttings 
from trees selected at random from other locations have also proved to be susceptible. 
Thus, certain individual mimosa trees appear to be wilt resistant. 

The dithiocarbamate fungicides and the control of downy mildew disease of cucum¬ 
bers and cantaloupes. Heubergeb, J. W., and L. P, Nichols. Besearch during 1946 and 
1947 on the use of Zerlate (zinc dimethyl dithiocarbamate), Fermate (ferric dimethyl 
dithiocarbamate), Dithane Z-78 and Parzate (zinc ethylene bisdithiocarbamate), Dithane 
D-14 4-zinc sulphate-lime (zinc ethylene bisdithiocarbamate), and manganese ethylene 
bisdithiocarbamate as sprays at 11-100 active ingredient concentration for the control 
of downy mildew on cucumbers (pickles) and cantaloupes, has shown the following. 
Cucumbers: Zerlate, Parzate, and Dithane Z-78 were as effective in control as Bordeaux 
and the fixed coppers, increased early and total yields more than the copper compounds, 
and were noninjurious when properly formulated; Dithane D-14 + zinc sulphatc-limo was 
not so effective as Zerlate, Parzate, and Dithane Z-78; Fermate was injurious under 
certain conditions (hot, dry weather) ; manganese ethylene bisdithiocarbamate was in¬ 
jurious. Yield increases from Zerlate, Parzate, and Dithane Z-78 were respectively, 
48, 29, and 50 per cent in 1946 and 54, 81, and 71 per cent in 1947. Cautaloupes: 
Zerlate, Dithane Z-78, Parzate, and Dithane D-14-f-zinc sulphate-lime were equal in 
control to Bordeaux and the fixed coppers and gave higher yields. Fermate and man¬ 
ganese ethylene bisdithiocarbamate were injurious. When similar materials were com¬ 
pared as sprkys and dusts in 1947, the dusts give higher yields under the hot, dry weather 
conditions prevailing in late July and August. 

Induced wilting of tomato cuttings by synthetic polymers of varying molecular 
weight. Hodgson, Roland, W. H. Peterson, and A. J. Biker. Studies with certain 
toxic water-soluble polysaccharides have suggested a direct relationship between the 
molecular weight (range 1,000 to 5,000) and the wilt-inducing potency on tomato cuttings. 
Such a relationship was sought with other water-soluble polymers available in several 
molecular-weight ranges. Solid polyethylene glycols (0.2 to 0.4 per cent aqueous solu¬ 
tions) induced severe wilting and necrosis of leaflets; the symptoms varied somewhat 
with the different compounds but were similar to those caused by a glucosan from crown- 
gall bacteria and certain other polysaccharides. A direct relationship between molecular 
weight (range approximately 1,500 to 9,000) and wilt-inducing activity was found, the 
largest being most toxic. This suggests that the wilting mechanism may be mostly 
physical. Evidence for an accumulation of the toxic agent in or near the injured areas 
was sought by analyses of cuttings treated with polyethylene glycols. Of the glycol 
taken up, 87 to 97 per cent was recovered; of this, 81 to 91 per cent was found in the 
leaflets. Wilted portions of leaflets contained more glycol than non-wilted portions, 
showing a greater accumulation in the region of the injury. 

A new type of resistance to spotted wilt. Holices, Francis O. Spotted-wilt virus 
isolated from a recent outbreak of disease in dahlia and tomato in New Jersey was found 
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to be capable of overcoming the characteristic resistance of the Pearl Harbor tomato, 
wliich is adequate for protection from spotted wilt in the Hawaiian Islands. A new and 
locally applicable type of resistance was found in a tomato derived from Argentina. 
This new type of resistance proved effective both in greenhouse and field tests. It showed 
monofactorial inheritance in hybrids with the susceptible variety Rutgers. The now type 
of resistance together with the only formerly known type, that in the Pearl Harbor to¬ 
mato, may be expected to serve a dual purpose, of facilitating control of the disease and 
of indicating the geographical distribution of differing strains of spotted-wilt virus. 

Evhlvncr of paranilic activity of Actinomyces scabies on seedling roots. Hooker, 
W. J., AND J. E. Sass. It was previously reported that seedling roots of a number of 
plants developed severe necrosis when grown in soil-water agar artificially infested with 
Actinomyces scabies whereas roots of the same species showed no necrosis with cultures 
nonparasitic to potato. Necrosis of a comparable type, although less severe, developed 
on soybean and wheat roots grown in quartz sand artificially infested with A. scabies. 
There was no evidence that such necrosis was produced by a water soluble substance 
secreted by A. scabies on potato-dextrose agar. Sectioning demonstrated A. scabies fil¬ 
aments abundant in the rhizosphere and in the epidermal and cortical cells of these 
roots grown in agar even though the root was not noticeably necrotic. Actinomyces 
spp. were demonstrated by dilution plate counts to be appreciably more abundant in the 
rhizosphere of field-grown oat roots than in soil in which there were no roots. Roots of 
Clinton oat plants grown in the peat soil in northern Iowa were sectioned and the fila¬ 
ments of an actinomycete were demonstrated in the tissue. 

Some histological features of potato stem necrosis associated with Actinomyces 
scabies. Hooker, W. J., and J. E. Sass. Of the varieties of potato tested to date, those 
known to be susceptible to tuber scab {Actinomyces scabies) exhibited considerable 
necrosis of stems resulting from infection by the scab organism, whereas varieties re¬ 
sistant to tuber scab were likewise resistant to stem necrosis. When plants were grown 
ill the greenhouse in sterilized peat soil artificially infested with A. scabies, infection was 
often established in the stems through unwoiinded surfaces away from stolons and sec¬ 
ondary roots. In this type of lesion, the susceptible varieties, Red Warba, Cobbler, 
Pawnee, Katahdin, and Chippewa, showed either no periderm or at most a poorly developed, 
discontinuous periderm, with actinomycetous filaments abundant in the cortical cells. 
The stems of the resistant varieties, Menominee, Cayuga, and two unnamed clones, showed 
well-developed and continuous periderm with sparse intracellular mycelium. This relation¬ 
ship did not hold consistently with resistant and susceptible varieties naturally infected in 
the field. Where stem infection in the field took place through natural wounds such as 
longitudinal splits or at points of emergence of stolons and secondary roots, periderm 
formation was generally poor, even in resistant varieties, and mycelium was often 
abundant. 

A spiral design for the field assay of pesticides. Horsfall, James G., Saul Rich, 
AND Neely Turner. Siiigle-row })lots are arranged in a continuous spiral row. Planting 
is simplified by attaching the planter or marker to a cable that Avinds around a fixed 
vortical drum anchored at the center. The planter j^rogresses inwardly at a uniform rate 
allowing three-foot intervals between laterally adjacent plots. A roadway is left for 
placing the trailer-mounted power sprayer at the spiral center, near the water supply 
and drainage pipes. An overhead, rotatable, horizontal aluminum pipe carries the spray 
material to a length of rubber hose attached to a hand carried, three nozzle spray boom. 
The sprayer has two tanks for simultaneous spraying and mixing. Ten-foot plots of 
nonstraggling plants are randomized in each quadrant, making four replicated wedge- 
shaped blocks. The hand-carried spray boom is flexible, the power pump untiring; the 
circular route of travel saves a return empty trip; and the water supply and drainage 
arrangements save work and time in loading. Drift error is negligible. Spring-loaded 
check valves, ahead of the spray nozzles, present drizzle between plots. Inoculation is 
aided by a rotating overhead irrigator, controlled at night by a timing apparatus. 

Koot rot complexes of tobacco and small grains in Virginia, Jenkins, Wilbert A. 
Studies of several root rots of tobacco and cereals in Virginia offer proof that feeder root 
mutilation is a primary factor in initiation of the diseases. Feeder root mutilation is 
accomplished through the feeding habits of various members of the meadow nematode 
group. Representatives of two nematode genera, Pratylenchus and Ditylenchns, cause 
primary pathologic symptoms in addition to serious mutilation while several representa¬ 
tives of other genera appear principally to open up the tissues to invasion by fungus and 
bacterial .soil associates. These studies have reference to brown and black root rot of 
tobacco as well as certain unclassified troubles symptomatically characterized by stunting, 
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malnutrition, and low production. The studies on small grains included ‘^winter’’ 
injury of wheat and barley and certain unclassified diseases of wheat, barley, and oats 
whose principal symptoms were stunting, foliage bronzing, and unproductivene^ss. Such 
factors as relatively low soil temperatures and relatively high calcium levels distinctly 
favored nematode population increase and severity of feeder root mutilation of all 
groups. Higher soil temperatures and moisture in the later season dehnitoly favored 
root decays, depending on the specificity of the bacterial and fungus associates in the 
rhizosphere. 

Strains of flnc-cured tobacco resistant to blach slianh (Ptiytophthora parasitica var. 
nicotianae) and tolerant to certain root-rot complexes. Jenkins, Wilbert A., Crosses 
were made in 1941 between two resistant tobaccos and a strain of Yellow Special. The 
resistant parent lines were developed in North Carolina from a cross between Florida 
301 X Warne, with multiple backcrosses to Warne (later released as Oxford 4) and a cross 
between Florida 301 x White Stem Orinoco, with multiple backcrosses to W.S.O. (later 
released as Oxford 3). The resistant parents were about 80 per cent resistant to black 
shank, but low in quality and yield and susceptible to root-rot complexes prevalent in 
Virginia. The Yellow Special parent was susceptible to black shank, but of superior 
quality and yield and highly tolerant to several common root-rot complexes. Following 
three season.s of mass selection and three seasons of pure-line selections from progenies of 
these crosses, selected lines have been fixed for type. These are 95-98 per cent resistant to 
black shank under field conditions, of excellent quality and yield, and highly tolerant 
to several of the root-rot complexes found in Virginia. Throughout the period of selec¬ 
tion, test-plot soils were heavily infested with black shank and each individual plant was 
inoculated with black shank material each season. Available at present are strains 
rejiresenting 4 leaf types. All strains were evaluated in Virginia and Nortli Carolina 
last season. 

Increase of virus infcctivity by certain chemicals. Johnson, James, and Phoebe 
A. Green. In 1935 Stanley listed 17 chemicals that increased the infcctivity of the 
ordinary tobacco-mosaic virus. We have tested these chemicals by somewhat modified 
methods. The sensitive tabacum-ylntinosa hybrid was used as a local-lesion test plant. 
Inoculations with the virus-chcmical mixtures were made at once and after different 
intervals of storage. The infcctivity wdth five chemical treatments, involving 87,324 
local lesion counts with controls based Jit 100, were: sodium nitrate, 190; calcium chloride, 
166; dipotassium phosphate, 138; sodium thiosulphate, 121; diethyl acetate, 118. The 
highest increase (226) was obtained with sodium nitrate after immediate inoculation. 
Increases as liigh as some reported by Stanley were not obtained. The other chemicals 
listed by fStanley cither did not yield increases or they were too small in amount 
to be significant. The increased infectivity declined very slowly in storage and was 
retained for as long as 30 months at dilutions of 1-1000, suggesting some ‘^preservative 
value of the chemicals mentioned. The evidence secured did not indicate that increased 
infectivity is due to a change in hydrogen-ion concentration. It seems more likely that 
these chemicals favor a higher dispersion of the virus particles in the inoculum. 

A yellow-mosaic virus associated with Eryngium mosaic. Johnson, James, and 
Edith M. Hein. Further studies have been made on a yellow-mosaic virus from a complex 
in Eryngium aquaticum L. This component produces a uniform chlorosis over older 
loaves of Havana tobacco plants, with occasional broad chlorotic spots or patterns on 
younger leaves. It is difficult to separate this virus* or strain from the Eryngium-mosaic 
virus, although the latter may be readily freed of the yellow type. Property determi¬ 
nations indicate that the yellow-mosaic virus is somewhat less tolerant than is the Eryn¬ 
gium-mosaic virus, whoso properties arc similar to those of Cucumber virus 1. Further¬ 
more, the yellow-mosaic virus was not transmitted by the peach aphid and did not yield 
symptoms on tomato, which is susceptible to the Eryngium-mosaic virus. The best differ¬ 
ential host for the ypllow'Eryngium-mosaic virus appears to be White Burley (var. Judy's 
Pride) tobacco. On this host, inoculative and systemic chlorotic spots and necrotic 
lesions occur which, by repeated transfer, are helpful in freeing the virus from the 
Eryngium-mosaic virus. The chief interest in yellow-mosaic viruses centers around their 
origin and relationship to other viruses with which they are normally associated. Their 
ability to destroy chlorophyll or to interfere with its normal production is characteristic 
and significant. 

A new virus disease of Ladino clover. Kbeitlow, K. W., and W. C. Price. A virus 
disease of Ladino clover (Trifolium repens var. giganteum) characterized by yellow 
mottling of leaves and retardation of growth, occurs extensively in the Northeastern 
United States. The disease is caused by a virus which is readily transmitted mechanically 
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to healthy Ladino clover. The virus was also transmitted to other species of Trifoliurrty 
to several species of Melilotus, and to Pisum sativum, Phaseolvs vulgaris, P. lunatus, 
Soja max, Zinnia elegans, Antirrhinum majus, Capsicum frutescens, Petunia hyhrida, 
Nicotiana tahacum, N» glutinosa, N. rustica, and Vinca rosea. Virus was recovered from 
each of these species. Typical chlorotic areas were produced in the leaves of many of 
the hosts tested. Symptoms in other hosts consisted of extensive mottling, downward 
curling of leaves, and severe stunting. Reddish-brown local lesions were produced within 
48 hours when juice from infected plants was rubbed on leaves of Phaseolvs vulgaris. 
The host range and properties of the virus resemble those of alfalfa mosaic virus but the 
symptoms are different from any known strain of the latter. 

Autogenous necrosis in interspecific tomato hybrids and its relation to the breeding 
of tomatoes for resistance to Cladosporium fulvum. Langford, Arthur N. Following 
crosses between the red currant, tomato, Lycopersicon pimpinellifolium, and varieties of 
the cultivated tomato, L. esculentum, immune esculentum Vike hybrids normally develop 
a severe autogenous necrosis, manifest chiefly in leaf-spotting, unless, along with Cfpi, 
the dominant pimpinellifolium factor Ne is also incorporated in the hybrid. Susceptible 
plants show no necrosis, regardless of their genotype at the ne locus. Necrosis is due 
to the interaction among Cfpt (located on chromosome 4), ne (located on chromosome 1) 
and, probably, other esculentum genes. Evidence has been obtained showing that one 
or more genes on chromosome 7 may, in progenies resulting from solfing, prevent the 
development of necrosis in immune plants of genotype ne/ne. Striking seasonal varia¬ 
tions in the severity of necrosis have been observed: the artificial lowering of the incident 
light intensity greatly reduces the severity of necrosis during the summer. Although 
the discovery of races of Cladosporium fulvum, to which such varieties as Vetomold 
(Cfpi/Cfpi: Ne/Ne) are completely susceptible, has complicated breeding programs 
and initiated searches for additional resistance factors, the widespread distribution of 
races 1 and 2 suggests that the incorporation of the factor Cfvi in resistant varieties will 
still bo desirable. The dominance of the immunity factor and of the factor conditioning 
freedom from necrosis make the backcross method of developing new, necrosis-free 
varieties a convenient one. 

Greenhouse tests of an antibiotic substance as a protectant spray. TjERen, Curt, 
AND G. W. Keitt. In greenhouse tests ethanol solutions of an unidentified antibiotic 
substance produced by a species of Streptomyces wore effective as protectant sprays 
against apple scab. Under certain conditions these sprays caused marked phytotoxicity 
^ue to the ethanol. In the present work there was no injury of apple, tomato, or pea 
plants when the antibiotic material was carried in 25 per cent'ethanol in water or in 
water alone. With the more effective of these preparations, - containing 3-6 arbitrary 
units of the antibiotic substance per ml. as determined by plate assay with Glomerella 
cingulata, complete control of apple scab and early blight of tomato was obtained in 
greenhouse experiments. Artificial rain tests indicated that the active material resisted 
washing on apple or tomato foliage. When apple leaves were inoculated with Venturia 
inaequalis four days after application of the antibiotic spray there was some lessening 
in the effectiveness of control. Yields of 3-5 units of the active material per ml. of the 
culture filtrate have been obtained from tank fermentations. 

Comparative cultural studies with Thielavia basicola and Thielaviopsis basicola. 
Lucas, G. B. The ascomycetous fungus Thielavia basicola has been reported as the 
perfect stage of the tobacco black root-rot fungus Thielaviopsis basicola. Perithecia and 
ascospores of Thielavia basicola have been seen on diseased tobacco roots in association 
with chlgmydospores of Thielaviopsis basicola. To date it has not been possible to show 
that either of these forms would produce the other. In the absence of such data isolates 
of both were obtained and grown on various media and under different conditions to see 
how each would react. On Richards agar minus sucrose, with filter paper as a carbon 
source, Thielavia grew rapidly, Thielaviopsis grew little or not at all. On carrot slices 
Thielavia grew slowly or not at all, Thielaviopsis grew rapidly. Thielavia grew on potato 
or carrot agar at pH 3, Thielaviopsis did not. Thielavia grew at 37° C., Thielaviopsis did 
not. Pathogenicity tests on tobacco with Thielavia were negative, whereas Thielaviopsis 
was consistently pathogenic. When the two forms were grown together on various media, 
no mating reacHon was evident. These data are offered as further evidence that 
Thielavia basicola is not the perfect stage of Thielaviopsis basicola. 

Besults from co-operative trials with seed disinfectants on flax. Machacek, J. E. 
As a part of the program of investigations sponsored by the American Phytopatho- 
logical Society’s Seed Treatment Committee, experiments involving a comparison of the 
newer seed disinfectants with respect to their effect on germination and yield of fiax 
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were carried out at 14 stations in Canada and the United States. The results showed 
significant increases in germination and yield at some stations but not at others. Seed 
disinfection was more beneficial to mechanically injured seed than to uninjured seed. 
Of the disinfectants tried, New Improved Ceresan, applied at the rate of 1 to 2 oz. per 
bushel, generally gave the best result. 

Argentine rape as an artificial weed in experiments with seed disinfectants, Ma- 
OHACEK, J. E., AND H. A. H. WALLACE. The oil crop Argentine rape (Brassica napus L.) 
was used to infest experimental plots with an artificial weed with the object of simulating 
the weedy conditions of the ordinary farm. In plots thus infested the yield of flax or 
wheat was found to be almost proportional to the rate of seeding. In weed-free plots, 
where yields were in general much higher, the increase in yield was not proportional to 
the increased rate of seeding—the yield at first rising rapidly to a peak and then falling 
off with further increase of seeding rate or, in some cases, remaining at the peak level. 
The implication of this finding is that seed disinfection, by increasing density of stand, 
may be more profitable under weedy conditions than under weed-free conditions, and 
that a count of seedlings may be more reliable than yield as an index of seed disinfectant 
values. 

Changes induced in Sclerotinia frucftieola on copper sulphate media. Mader, E. O., 
and C. L. Schneider. The tolerance of 5 monoascospore isolates of Sclerotinia fructicola 
to copper sulphate in potato-dextrose agar was determined. All isolates tolerated copper 
sulphate concentrations up to 7,000 i).p.m. Sporulation was increased at concentrations 
below 1,000 p.p.m. but 8upprcs.scd at concentrations of 5,000 p.p.m. or higher. After 
having grown for 18 weeks on 5,000 p.p.m. all isolates tolerated 10,000 p.p.m. Isolates 
that had grown for 18 weeks on media containing 5,000 p.p.m. of copper sulphate were 
transferred to non-copper media and tested for copper tolerance and cultural characters 
at the end of 14 weeks and 42 weeks. Some cultures reverted to their parental type 
in appearance and had lost their acquired tolerance for copper. Other isolates, however, 
did not revert to the parental cultural type and maintained a high tolerance for copper 
sulphate. These variants differed in ability to rot fruit. 

New fungicides for control of narcissus "basal rot. McClellan, W. T>. New Im¬ 
proved Ceresan and 2 per cent Ceresan are both effective in controlling narcissus basal rot 
caused by Fusarium oxysporum f. narcissi but frequent flower injury results from their 
use. Hence an effective but safer treatment is desired. Five-minute after-harvest plus 
pre-planting dips of King Alfred narcissus bulbs either in Mersolite 8 (phenyl mercuric 
acetate) at the rate of one pound in 800 gallons, or in Puratized Agricultural Spray 
(phenyl mercuri triethanol ammonium lactate), one part of the active ingredient in 
10,000, in 1945 and 1946, have given control of basal rot equal to the standard New 
Improved Ceresan treatment but without the flower injury. Rot has not been controlled 
so well when the bulbs were dusted with Arasan or with Spergon but bulb yields have 
been about the same as yields following treatments with mercurials. Beginning with 
200 bulbs (weighing 284 oz.) per treatment in 1945 the bulb yields in 1947 after two 
years of treatment were: New Improved Ceresan, 531.5 oz.; Arasan, 523; Spergon, 490; 
Tersan, 393.5; Mersolite 8, 522.5; Puratized Agricultural Spray, 435.5; and untreated, 
109.5 ounces. Similar results were obtained from treatments begun in 1946. A number 
of other materials have given either poor control or severe flower injury. 

Etiology and control of begonia bacteriosis. McDonough, E. S. The leaf spot 
disease of begonia caused by the bacterium that has been referred to as Xanthomonas 
begoniae has not been satisfactorily controlled by modification of cultural practices when 
the plants were grown in largo numbers under economically feasible greenhouse conditions. 
Studies on the etiology have made possible an efficient eradication procedure. Bacteria 
obtained from drops of sterile water which had been placed on diseased leaf regions were 
atomized on leaves of healthy Melior begonia plants, kept under conditions of high 
humidity. The plants were then sprayed with water. Only leaves atomized from the top 
showed symptoms typical of the naturally infected leaves. From this and other evidence 
it was assmed that infection generally took place by splashing during watering or by 
movement of the bacteria from leaf to leaf in contact with the rooting medium. Bordeaux 
mixture has controlled the disease, whereas other bactericides used have proved injurious 
to the host plant or have shown no superiority. Dipping the cuttings in Bordeaux 
and keeping the tops of the leaves covered during a season has resulted in practical 
elimination of the disease. 

Relation between the condition of the seedling root system of corn and the grain. 
Meredith, Clifford H. The seedling root system of the com plant never attains a very 
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great length, so that it can usually be recovered for observation purposes. The mature 
seedling roots become rather woody and can be recovered even after over-wintering in 
the soil. A study was made of the condition of the seedling root system and the weight 
of grain produced by individual corn plants. One hundred plants taken at random from 
the fleld were measured to find, (1) circumference at the base of the stalk, (2) length 
of the primary root, (3) number of secondary roots, (4) length of the longest secondary 
root, and (5) weight of the grain produced. It was found that there was a relation 
between the yield and the length of primary and secondary roots. The cause of the 
poor condition of some of the seedling roots was ai)parently fungus attack at an early 
stage of growth. It appears that a plant attacked by a root pathogen at an early stage 
does not recover sufficiently to produce a normal yield. The results of these studies 
indicated that the condition of the seedling root is closely related to production of grain. 

Boot nodulation of Holland Jumho strain peanut grown from seed treated with a 
fungicide. Millkr, Lawrence I. In a greenhouse test Spergon (tetrachloro parabenzo- 
quinone) applied at the rate of 3 ounces i>er 100 pounds of hand-shelled seeds had no 
effect on root nodulation as measured by number, type, and location of nodules. This was 
true both when the Speregoii-treated seed was inoculated with 2 commercial preparations 
of Rhizohium leguminosarum (mixed cultures in a humus base) and when left uninocu¬ 
lated. The treatment with Spergon always preceded inoculation. The results were the 
same in nonsterilized and steam-.sterilized soil. The root system of peanuts in the steam- 
sterilized soil was larger than in the nonsterilized soil. Nodules appeared on plants in 
both types of soil without inoculation, but nodules on plants from noninoculated seed were 
larger and fewer than on roots of plants from inoculated seed. The distribution of 
nodules also was different. 

^'actors affecting the development of Melampsora Uni. Misra, A. P. Melampsora 
Uni developed best at mean temperatures of 65-75° F. in the field in 1946 and 1947, but 
was drastically suppressed when the maximum temperature reached 92° F. or more for 
two or three days. Plants of Redwing and Bison flax were inoculated in the greenhouse 
with race 4 of M. Uni and then exposed for 30 hours to 95-99° F. after prominent rust 
flecks had developed; little or no rust developed. Most urediospores collected from the 
field when temperatures were 98-100° F. had lost their viability and did not germinate 
even under optimum conditions. Partial shading of the plants in the field at 98-100° F. 
did not enable uredipspores to retain viability; but with partial shading at 88-90° F. from 
23 to 35 per cent of the urediospores remained viable. Teliospores developed well and 
germinated readily at 65-75° F. but not at 85° F. Ammonium nij^ratc fertilizer applied 
alone or with potash and phosphate to sandy soils greatly increased the severity of rust, 
whereas potash and phosphate alone did not. Teliospores collected on Koto flax at 
Morris, Minnesota, in August, 1946, first germinated in January, 1947. Teliospores 
collected on Bison at St. Paul, Minnesota, in August, 1946, did not germinate until May, 
1947. Germ tubes of urediospores of race 17A grew faster than those of race 4. 

Parasitic races of Ustilago tritici on spring wheats. Moore, M. B. Nine parasitic 
races of Ustilago tritici have been found that primarily attack common wheats, and two 
have been found that primarily attack durums. These races were identified on the basis 
of the pathogenicity for 12 varieties of spring wheat, including two durums. Some 
varieties, such as Ho])e, Vernal, and Triticum timopheevi, are extremely resistant to all 
races tried; some varieties are immune from certain races and highly susceptible to others. 
The durums, generally resistant in nature, are very susceptible to one or both durum races 
wdieu artificially inoculated. There api)arently are various types of resistance, operating 
singly or in combinations. A Thatcher x Supriza cross and two lines from Hope x (T. 
fiwop/iem X Steinwedel) have been resistant when inoculated with mixtures of 4 and of 
5 races, all of which were different. The variety Cadet was found to comprise two or more 
morphologically similar strains, one of which is resistant to several smut races that can 
attack the other strain. 

Specificity of certain Bioquin (S-quinolinol) derivafires and some of their formu¬ 
lations for apple scah control. Morgan, Omar D., Jr., and Dwight Powell. Laboratory 
tests of 43 Bioquin derivatives and their formulations indicated the following as fungi¬ 
cides: Bioquin 1 (copper 8-quinolinolate) and its dry mixed formulations with Santocel, 
Celite 266, Pyrax ABB, Wyodek bentonite. Palmetto sulfur (325 mesh), and Dowmiko 
sulfur; Bioquin 100 (zinc 8-quinolinolate) and Bioquin 300 (magnesium 8-quinolinolate) 
and their formulations with py/ax, bentonite, and celite. Spray tests on Golden Delicious 
mad^^^th Bipqmn 1 (1, f, ^ and I-lOO), Bioquin 1 formulated with pyrax and with 
bentqnlt^ (2?, oO and 73 per cent Bioquin 1) at 1-100, indicated that under severe 
diseai^ conditions the amount of control on the fruit obtained with the formulations of 



1948] Abstracts of Papers Presented at the 39th Meeting 19 

Bioquiu 1 with pyrax and with bentonite is significantly liigher than when Bioquin 1 at 
|-100 is used alone. In the same test, Bioquin 100 and its formulations with pyrax and 
bentonite and Bioquin 300 gave slight control of apple scab. Tests on Jonathan 
included Bioquin 1 (1 lb.), Bioquin 1 (I lb.) plus Factice I lb., Bioquin 1 (i lb.) plus 
Micronized sulfur 3 lb., Puratized 1 pint, Microsul 8 lb., Phygon ^ lb.. Bioquin 1 (25 per 
cent) plus Santocel (75 per cent) 1 lb. and Formate 1 lb., each in 100 gallons of water. 
Of these, the first five gave over 95 per cent control on the fruit two months after the last 
application. By harvest time, the residual effect had been reduced; Puratized showed 
best control (72 per cent), Microsul (66 per cent). Bioquin 1 plus sulfur (63 per cent), 
and Bioquin 1 (62 per cent). The control of other materiaLs ranged from 55 per cent for 
Bioquin 1 plus Factice to 8 per cent for Bioquin 1 plus Santocel. This last formulation 
gave best control in laboratory tests. 

Nitrodithioacetatea as potato sprays, Muncie, J. H., and \V. F. Morofsky. Potato- 
spray trials on the Menominee variety of potato were made by application of the nitro- 
dithioacetates of zinc and copper and copper nitroacetate, singly and in combination, in 
comparison with tribasic copper sulphate and Bordeaux mixture. BDT and benzene 
hexachloride were added as insecticides. There was no significant difference in control 
of early blight. Late blight was absent. Highest yield was obtained from plots sprayed 
with a nitrodithioacetate of copper plus DDT. Substitution of benzine hexachloride for 
DDT resulted in increased infestation of potato leaf hoppers and the six-spotted leaf 
hoppers. 

An unusual host response to certain paired monosporidial cultures of Ustilapo ccae. 
Mitnnecke, Donald E, Certain paired monosporidial isolates of Ustilago eeae produced 
unusual leaf curlings and distortions when hypodermically inoculated into a selfcd lino of 
corn. Stem and leaf tissues remained tightly curled, but as they grew they became 
gnarled, twisted, and distorted; or the leaf tip remained within the sheath and a single 
large loop of curled leaves resulted from the growth of basal leaf tissue. The distortions 
rasembled immature smut galls, except that they remained green and seldom were 
hypertrophied. ’ Chlamydospores never wero formed, but smut mycelium was recovered 
when some of the distorted tissues were plated on potato-dextrose agar. In four green¬ 
house tests extending over six months three pairs of white cultures caused this pronounced 
leaf curling without resultant chlamydospore formation. The distortions were not due 
to mechanical injury caused by the hypodermic needle, because sterile broth check 
inoculations were symptomless. 

Onion-mildew control in 1947, Nelson, Ray. Airplane dusting with copper-sulphur 
fungicides was not effective against onion downy mildew in the 1945 epidemic. Mildew 
did not reappear in 1946 and only yield data were obtained on effects of fungicides. 
Dusts and sprays were applied in 1947 to seeded Yellow Globe onions in a randomized 
block design with individual plots of four 30-ft rows. The first application July 7 pre¬ 
ceded mildew detection, but all plants in the untreated plots were infected at the time of 
the fifth and final application on August 17. Dusts were applied at 50 lb. and sprays at 
204-272 gal. per acre. DDT supplemented all materials for thrips control and Triton- 
1956-B as detergent in all sprays. Spray treatments were: Cuprocide; Cuprocide— 
p.e.p.s; Cuprocide-Dowax; Cuprocide-wettable sulphur; Dithane HE-178; Dithane HE- 
178-p.e.p.s; Dithane HE-178-Dowax; Bordeaux; Bordeaux-Dowax; P.e.p.s.; DDT; 
Wettable sulphur; Dow 606 (Zn-dimethyl-dithiocarbamate); Dow 608 (amino salt tetra- 
chlorphenol); Dow 612 (1,4-dithio-cyano-buteno); Lime-sulphur-rosin. Dusts were: 
Cuprocide-sulphur and Dithane HE 178. Effective mildew control with no apparent 
phytotoxicity was obtained with both dusts and with Dithane, Dow 612, and Bordeaux 
sprays. Cuprocide sprays controlled mildew but caused some injury. Significant yield 
increases from mildew control alone were: Dithane dust, 29 per cent; Cuprocide dust, 
21 per cent; Dithane HE 178, 17 per cent; Dow 612, 12 per cent; and Bordeaux, 8 per cent. 

Field trials in New York with ethylene dihromide and DD mixture against the root- 
knot nematode, Newhall, A. G., and B. Lear. With the aid of a tractor-drawn, three- 
row, sub-surface applicator, loaned and operated by the Shell Chemical Corporation, 
dosage rates of 200 and 300 pounds per acre of DD mixture and a 10 per cent ethylene 
dibromide mixture were compared for the control of root-knot nematode when applied 
in rows 10 and 12 inches apart in muck and upland soils. Weeds were not controlled 
to any extent by any treatment. Stands of carrots showed that the dosages used were 
near the nnaTiwiiim limit for spring treatments because (ff possible injury to seedlings 
and possible effect on flavor of carrots. Three tests conducted on muck soil showed a 
60.9 per cent increase in yields of No. 1 carrots over checks for the DD treatments and 
49.4 per cent increase for the ethylene dibromide treatments. Tests on two upland plots 
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showed a 155 per cent increase for DD mixture and a 122.8 per cent increase for 
ethylene dibromide. The data showed that the 300-lb. dosages were better than ’the 200- 
lb. dosages with both xnaterials and application of the materials in rows 10 inches apart 
more effective than at the 12-inch distance. 

Studies on genetics of Ceratostomella fimhriaia, Olson, E. O. Isolations from 
sweet potatoes affected with black rot, from six States, gave two strains of Ceratostomella 
fimhriata, the typical long-neck perithecial strain and a nonperithecial strain, the latter 
producing small sclerotium-like bodies. Both strains produced endoconidia, and were 
pathogenic to sweet potatoes. The two strains were obtained when single ascospores 
were isolated from the long-neck perithecial strain; this occurred for 4 generations. 
Single conidial cultures (164) from the long-neck perithecial strain gave only the 
parent type. When the two strains were paired, a line of perithecia formed where they 
came together. Ascospores isolated from the line gave the two strains. A third strain, 
with very short perithecial necks, was isolated also in one case from this line. This 
short-neck strain formed a line of long-neck perithecia when paired with the nonperithecial 
strain. Ascospore isolations from this line gave at least three strains, the long-neck, 
short-neck, and a nonperithecial strain. Ascospore cultures from the short-neck peri¬ 
thecial strain have given rise to the parental type and possibly a nonperithecial strain 
differing from the original one isolated from the long-neck strain. 

A vims causing internal necrosis in White Bose potato. Oswald, John W. White 
Rose potato plants with severe leaf, stem, and tuber necrosis were observed in California 
in 1946. Investigation showed this to be caused by a virus easily transmissible by 
mechanical means. First generation symptoms consist primarily of internal necrotic 
browning of veins, petioles, and stems, extreme at the nodes, followed in severe cases 
by collapse of the entire plant. Affected leaves show irregular necrotic areas and often 
chlorotic blotches. As the disease progresses these may shrivel and hang. Top leaflets 
become rugose and tightly curled, and the leaves roll downward. Tuber necrosis occurs 
first just under the skin giving the surface a purplish cast. Later these areas become 
aunken and corky and necrosis often spreads through the entire tuber. Second generation 
internal necrosis is less severe. Potato seedling 41956 reacts similarly to White Rose. 
Free of the potato latent virus, the necrotic virus induces a clilorotic mottle in pepper, 
irregular yellow mottle in Nicotiana rustica, and green vein banding in N. glutinosa 
and N. tahacum. Thermal inactivation is between 50° and 55° C. and longevity in vitro 
between 48 and 60 hours. The virus properties and host rcactipns indicate a possible 
relationship to potato virus Y. 

Peach X-disease on sour cherry. Palmiteb, D. II., and K. G. Parker. Both the 
English Morello and Montmorency varieties of Prunus ccrasus are affected by a virus 
that seems to be the same as that causing X-disease of P. persica and P, virginiana. 
Symptomatic plants of all three species have been found in close association in several 
areas of New York. The incidence of diseased sour cherry trees is usually greatest in 
that part of the orchard adjacent to diseased chokecherries and affected cherry trees have 
not been found except in association with chokecherries. Symptoms on sour cherry 
comprise delayed bloom, extensive June drop, especially on English Morello, and the 
failure of the remaining fruit to mature with full color or flavor. Internodes on the 
terminals may be shortened, and, during late summer and autumn, some leaves may 
become abnormally yellow to brick-red along their mid-veins. Graft and bud inocula¬ 
tions, both in the greenhouse and out-of-doors on young cherry trees, caused a 
wilt often quickly followed by death. Sometimes their leaves became yellow along 
their mid-veins. Similar symptoms on sour cherry followed the insertion of buds from 
X*discased chokecherries. Inoculations from affected sour cherries to peach resulted in 
typical peach X-disease symptoms. In one orchard 56 per cent of the English Morello 
trees produced no fruit in 1947 as a result of this disease. 

Apple hitter rot on sour cherry in West Virginia. Peet, Clyde E., and Carlton 
F. Taylor. A rot of sour cherry, previously unreported as an economic disease in 
North America, occurred in appreciable amounts in two orchards and in small amounts 
in the other orchards examined during the unusually wet 1947 harvest season. The 
incidence of the rot varied considerably from tree to tree. On some trees 15 per cent 
(by count) of the fruits were infected, with all fruits attacked on some branches. The 
rot first appeared as a small tan spot, then progressed rapidly to affect approximately 
half the fruit ar^a. The surface of the lesion became darker, tended to be folded 
concentrically, and Gloeosporium-like spores were produced in pinkish masses. Successful 
cross-inoculation was obtained on Grimes Golden fruits when infected cherries were 
;suspended in cheeseelotk bags in the tree a few inches above the apple-or-when an opened 
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Petri-dish culture of the cherry isolate was suspended similarly. Lesions typical of apple 
bitter rot resulted. Growth characteristics of isolates from affected cherries were similar 
to those of isolates from typical apple bitter-rot lesions. Preliminary studies and the 
successful inoculation of apple suggest that the rot on cherry is caused by Glomerella 
cingulaia. 

Resistance to powdery mildew in peas. Pierce, W. H. In repeated field tests a 
selection out of the Stratagem variety of garden peas has shown a high degree of resis¬ 
tance to powdery mildew, Erysiphe polygoni. Since powdery mildew is often severe in 
the arid sections of the western States, particularly on late home-garden varieties, a few 
crosses were made using the resistant Stratagem selection with the standard varieties 
Glacier and Shasta. In F, populations of 330 plants, counts of resistant and susceptible 
plants gave 243 susceptible and 87 resistant. The total Fj population (139 plants) of 
the Stratagem-Shasta cross was tested again in F 3 . The plants classified as resistant in 
Fa gave F 3 progeny which were also resistant, while plants cUiasificd as susceptible in 
Fa gave progeny one-third of which were completely susceptible and two-thirds segregat¬ 
ing in the approximate ratio of 3 susceptible to 1 resistant. Inheritance appears to be 
on a single factor basis with resistance recessive. Acceptable horticultural types have 
been selected from these hybrid progenies and are being increased for introduction. 

Types of scab lesions on Camellia. Plakidas, A. G. Necrotic lesions of various 
types occur on camellia leaves in Louisiana. The following types are recognized. Type 
1: General brownieh discoloration of the leaf and irregular black spots occurring usually 
near the margins or irregularly scattered on the upper surface. Type II: Circular to 
irregular snowy-white, slightly raised, spots on the upper surface. Type III: Baised, 
brown to blackish, angular spots on the upper surface, 1-20 mm. with prominent angular 
cracks through the center, and, in the larger spots, with fine concentric cracks. Type IV: 
Spots on the upper surface, large, typically circular, brown with grayish centers, raised, 
with very numerous concentric cracks. Type V: Spots typically on the under surface, 
rarely on the upper. Lesions start as water-soaked pustules, later erupting to form brown, 
hard, corky excrescences, in small groups, or covering most of the leaf surface. Typo VI: 
Small, circular to irregular, slightly raised, white to light gray, spots on the upper 
surface. This type occurs most commonly on C. sasanqua: the other types are more 
common on C. japonica. The nature of the lesions on camellia was unknown until 1942, 
when S. 0. Arruda isolated Sphaceloma sp. from types I, II, and VI. Since then, the 
writer has repeatedly isolated Sphacelonui from lesions of types I, III, IV, and V. It 
has not been definitely determined if more than one species of Sphaceloma is involved. 

Cabbage blackleg from seed grown in Puget Sound. Pound, Glenn S., and 
O. H. Calvert. For more than twenty years the Puget Sound area of western Washing¬ 
ton has been this nation ^s chief producer of cabbage seed, primarily because seed grown 
there has not been known to carry the blackleg {Plwma lingam) and blackrot (Xantho- 
monos campestris) organisms. Such seed has been used commonly without hot-water 
treatment because of this known freedom from infection, although a mildly pathogenic 
strain of P. lingam has been recorded recently from that area. In 1947 a severe epidemic 
of blackleg occurred in most cabbage-producing sections of the country. Extensive field 
surveys indicated transmission from Puget Sound seed. Isolations have been made 
from several seed lots grown in the Puget Sound area in 1946 and P. lingam has been 
repeatedly isolated from 4 lots, representing a growing area 200 miles in length. Koch's 
postulates have been repeatedly applied to isolates obtained, establishing proof of 
blackleg transmission on Puget Sound seed. Certain isolates obtained from seed show 
cultural and pathogenic characteristics of the mild strain described from the Puget 
Sound area while the other isolates are typical of virulent eastern strains. This suggests 
a probable increase in pathogenicity of the Puget Sound strain and renders use of seed 
grown there without hot-water treatment unreliable. 

Strains of cucumber mosaic virus pathogenic on crucifers. Pound, Glenn S., 
AND J. C. Walker. A mosaic disease of the ornamental crucifer, darnels violet {Hesperis 
matronalis)j in Wisconsin has been found to be duo to two closely related strains of 
Cucumber virus 1. Both viruses were widely pathogenic on members of the Cruciferae 
including the cabbage tribe. No prominent symptoms, however, were produced on 
cultivated species tested other than dame’s violet. The physical properties of the two 
viruses agreed very closely with those of Cucumber virus 1. The points of inactivation 
were: tolerance to dilution, 1 to 100 , 000 ; aging in vitro, 4 to 5 days at 20° C.; thermal 
inactivation, 70° C. for 10 minutes. One of the two viruses was shown to effectively 
immunize zinnia {Zinnia elegans) plants against Price’s no. 6 strain of Cucumber virus 1. 
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Anthracnose of peachrs on the maricet. Ramsey, G. B., M. A. Smith, and B. C. 
Heiberg. During July, 1947, Georgia peaches arriving on the northern market showed 
an unsual type of decay never before observed in commercial shipments. In some car¬ 
loads up to 12 per cent of this rot was found in various stages of development. Brown 
lesions 1/4 to 3/4 inches in diameter were most common. The larger lesions bore 
acervuH with salmon-pink spores characteristic of the anthracnoses. Numerous isolations 
from typical lesions always yielded pure cultures of Glomerclla cingulata. Inoculation 
experiments showed the organism to be pathogenic to peaches, apples, pears, and plums 
without evident wounds as well as through wounds. Commercially brushed firm-ripe 
peaches in contact with mycelium or conidia in a water suspension developed lesions 16 
mm. in diameter within a week at 85° F. Under similar conditions inoculations through 
wounds produced lesions 36 mm. in diameter. No visible infections were obtained 
within a week when wounded and unwounded peaches were inoculated and held at 45° F. 

Metal reagents as antisporulants. Rich, Saul, and James G. Horsfall. The pre¬ 
vention of fungus sporulation has been suggested as a possible method of minimizing 
the loss from phytopathogenic fungi. As fungus spore production has been shown to 
be related to heavy metal metabolism, compounds which combine readily with metals were 
tested in vitro as antisporulants. The metal-reacting oximes and quinolines were found 
to be effective in reducing the spore production of Sclerolinia fructicola, Penicillivm sp., 
Alternaria sp., and Aspergillus niger, Dimethylglyoxime, which forms chelate salts 
with most of the heavy metals, reduced the sporulation of Aspergillus niger growing on 
complete liquid media. Increasing concentrations of dimethylglyoxime decreased 
sporulation to the point of complete inhibition of spore production without appreciable 
growth reduction. Yarwood (1941) found that HaS inhibited the sporulation of Peron- 
ospora humulL Care was exercised in this study to distinguish between fungistasis and 
antisporulation. 

Pathogenicity of isolates of corn root-rot organisms in Mexico. Robles, Leonel H. 
Among 146 isolates of the corn root-rot organisms from 8 States, Helminthosporiiim 
sativum was the most destructive, while species of Fusarium were found to be most ijrev- 
alent but much less active as root-rot pathogens. In preliminary pathogenicity test four 
isolates were selected: one of li, sativum, two of Rhisoctonia spp. and one of JJiplodia 
zeae. When these organisms were tested with 26 different types of corn, only IT. sativum 
proved to be strongly pathogenic. When all possible combinations among the four 
isolates were made the mixture of 77. sativum and Rhisoctonia spp. was moderately patho¬ 
genic in contrast with 77. sativum alone. Tho general result of this combin.ation was a 
considerable reduction in the percentage of seed germination. - 

Barley scald in Mexico. RodrIquez Vallejo, JosJc. In 1947 barley scald caused by 
Rhynchosporium secalis was reported from Mexico for the first time. The disease was 
found attacking barley in the experimental plots at the agricultural experiment station 
in Chapingo, Mexico. Apparently the disease is not widespread and thus far has been 
found only at the station in Chapingo. Those introduced varieties exhibiting greatest 
susceptibility are: Club Mariout, Atlas, Velvet, Peatland, Chevron, Kindred, Hanna, 
Wisconsin Barblcss, and Bolivia x Chevron while Mars, Tregal, Manchuria, Bolivia, 
Svansota, and Texan (CI-5127) were not infected this year. The so-called native barleys 
planted at the experiment station ranged in reaction from highly susceptible to fairly 
resistant. 

Specificity of fungicides for diseases of bent turf. Rowell, John B. Five years 
of investigation have repeatedly demonstrated that no single chemical will completely 
control all of tho following bent turf diseases: dollar spot (Sclerotinia homeocarpa), pink 
patch (Corticiiim fuciforme), copper spot (Oloeocercqspora sorghi), large brown patch 
{PelHcularia fitamentosa) and helininthosporium blight (Helminthosporium sp.). Newly 
developed organic cadmium and mercury compounds have proved to be more effective 
than fungicides used previously. Cadmium compounds have shown the least specificity; 
five organic and two inorganic forms control the first two diseases, and three of these 
organic forms also control copper spot. Five phenyl mercurials compared in 1947 varied 
in degree of disease control and injury to bent grasses (Agrostis spp.) and Crabgrass 
(Vigitaria sanquindlis). To date none of the compounds has given significent control 
of large brown patch or helminthosporium blight. These investigations indicate that a 
fungicide program may be necessary for maintaining healthy turf. 

Root-rot of the Mexican **frijol.** Rupert, J., B. Ortega, and C. Cardona. 
During the past three years studies have been in progress with regard to root-rot of the 
frijol (Phaseolus vulgaris), in Mexico. Tremendous variation has been observed within 
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the varieties commonly grown in Mexico with regard to resistance to this disease, but, 
with few exceptions, the Mexican bean is susceptible. Two organisms appear to bo 
primarily responsible for root rot of beans in Mexico, and tliese are Sclcrotiuni rolfjtii and 
Rhisioctonia solani, although various species of Ftisarinvi are frequently isolated and may 
be involved in this complex. When bean seedlings are inoculated with isolates of 
JRhizocionia or ScJrrotium, infection results and typical root-rot symptoms develop. 
Selections arc being made in an attempt to secure resistant lines for a breeding program 
in 1948. 

Development of Cercoftpora-resistanl .strains of rice. TJyker, T. C., and L. E. Cowakt. 
To secure varieties of rice resistant to the Ccrcospora leaf spot {Cercospora oryzac) 
consideration must be given to the parasitism of the different races of the fungus as well 
as to the resistance of the host. Eight races of the fungus based on their ability to 
attack 7 test varieties. Blue Rose, Blue Rose 41, Caloro, Fortuna, Red Rice, Rexoro, and 
Nira have been reported. Two additional races have been identified, race 9, to Avhich 
Shoemed and three of the test varieties, Blue Rose, Fortuna, and Nira, arc susceptible, 
and race 10, which is similar to race 2 except that it attacks Caloro as well as Blue Rose 
and Blue Rose 41. Inheritance studies in crosses involving race 6 (Rexoro strain) in¬ 
dicated a single dominant factor for resistance in 5 crosses and two dominant factors 
for resistance in 3 crosses. All of the commercial varieties used in the rice breeding 
program are susceptible to one or more parasitic races of the fungus. Delrex, a recently 
released selection from a cross between Rexoro and Delitus and a number of advanced 
selections from crosses between Rexoro and Blue Rose aro resistant to all of the known 
parasitic races of the fungus. Thus the factors for resistance in rice to Ccrcospora 
oryzae may bo combined through hybridization. 

Chemicals for control of the golden nematode of potatoes. Schmitt, C. G. .Mlyl 
bromide, 1)-D trimethyleno bromide, ethylene bromide, and Iscobrome I) were all rather 
effective in kill of cysts of the golden nematode in a pot test at 23 gal. per acre. Of the 
chemicals used, the only ones which eradicated under these ideal conditions at 70 gal. 
per aero wero ethylene dibromide and Iscobrome P. 

Resistance to apple scab in certain clones of Mains species. Shay, J. R., and Jj. F. 
Hough. Twenty-two clones of Mains in plots at Urbana, Illinois, and in Morton Ar¬ 
boretum, Lisle, Illinois, have remained free from foliage and fruit infection by Venlnria 
inaequalis during the past three years in which apple scab has been epiphytotic. These 
clones were grown in the greenhouse where controlled inoculations were conducted. Heavy 
conidial suspensions from 15 single-ascespore cultures of V. inaequalis isolated from 5 
apple varieties at Lafayette, Indiana, were combined in each of 4 inoculation series and 
used singly in 2 inoculation series. On the basis of maximum symptom development, the 
clones could be divided into four groups; 1. No evidence of infection {M. toringo and M. 
ioensis). 2. Numerous or few pin-point depressions with no sporulation (M. micromalnsj 
M, florihunda, and 11 other clones). 3. Irregular, necrotic or chlorotic lesions varying 
from 2 to 5 mm. with no sporulation (M. haccata jacicii, M. silclcimensis, and a Russian 
seedling). -4. Lesions few, elongate or irregular, necrotic or chlorotic; sporulation when 
present sparse (M. haccata and 3 other clones). One isolate was unable to produce 
macroscopic symptoms on M. .sikkimensis. Heterozygosity and dominance of genes 
controlling resistance of 8 clones were demonstrated by inoculation tests of seedling, F, 
progenies of these clones crossed with susceptible varieties. 

The brown-spot disease of celery. Smith, M. A., and G. B. Ram sky. A serious 
field and market disease of celery from Colorado not previously reported in the United 
States has been studied since 1943. The disease is characterized by brown, discolored 
areas in the form of circular to oblong lesions 1/16 to 3/4 inches in diameter on the inside 
surfaces of the stalks. On the outer stalk surfaces the lesions are somewhat smaller and 
more elongated. Infection also occurs on stalklcts, in leaflet axils, and on leaflet blades. 
A Cephalosporium sp. constantly associated with infected stalks, stalklets, and leaves 
on commercial celery bunches has been isolated many times. Typical infections have 
resulted from pure culture inoculations of celery bunches as well as celery seedlings grown 
in the greenhouse. The organism has been reisolated in pure culture from lesions re¬ 
sulting from these inoculations. In potato-dextrose agar plate cultures the optimum 
temperature for growth was 75° F., while growth was not observed at the two extreme 
temperatures 40° and 90°. Optimum growth of the organism occurred at pH 6.5. 
There was no growth at pH 4.0. 

Classification and identification in Fusarium. Snydee, W. C., and H. N. Hansen. 
Great variability between clones of wild types, and between their derivatives, is common 
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throughout the genus Fusarium, A classification is required that puts together into 
one epecies all such entities of that species, whether they represent clones existing in 
nature or derived in culture, in spite of any morphologic, biologic or apparent differences 
resulting from mutation, environment, or host relationships. Such a system would 
recognize few species, based on morphology, indicate pathogenicity by forma names 
and races within formae by numerals, and has been found in practice to facilitate identi¬ 
fication. Spore size has been used extensively in the past for speciation, yet spore 
dimensions of wild types of a fungus vary so greatly as to fall into several of the older 
species. Consistent differences in spore size do not establLsh a difference in species because 
such differences can be shown among single-spore isolates from a given clone. Also, the 
older concept of basing species on hosts falls apart when required to handle the various 
races that Armstrong has shown are pathogenic on several different combinations of hosts. 

The relation of barberries to physiologic races of Puccinia graminis in the United 
States in recent years, Stakman, E. C., and W. Q. Loegerino. With the progress of 
barberry eradication in the United States there has been a general trend toward stabiliza¬ 
tion in the prevalence and distribution of races of Puccinia graminis tritici. In 1945 and 
1946 only four races—17, 19, 38, and 56—were prevalent and widespread in the country 
as a whole. In the two years, races other than these comprised only 5 and 3 per cent 
of the isolates identified in areas in which few barberries remain. In barberry-infested 
areas of Pennsylvania, Virginia, West Virginia, and Washington, on the other hand, 
new or unusual races or biotypes comprised 26 and 24 per cent of the total number of 
isolates. The same general relationship appears to hold for 1947. None of the new 
races or biotypes so far found has a wider host range than race 35B. With one exception, 
race 7 of P. graminis avenae, which attacks White Tartar oats and varieties that de¬ 
rived stem rust resistance from it, has been found only near rusted barberries in North¬ 
eastern United States, where it attacked certain normally resistant varieties very heavily 
in experimental plantings near barberries. Elsewhere, only races 2, 5, 8, and 10 have 
been found in recent years. 

Infection of the sugarcane stalk by red rot. Steib, K. J. When stalks of sugar¬ 
cane, which appeared healthy, were surface-sterilized up to 24 hours with a solution of 
bichloride of mercury and cultured, the red-rot organism (Physalospora tucumanensis) 
was obtained from root bands and buds. It was isolated also from leaf scars and small 
red areas found in the tissues under the leaf scars. The organism was not obtained 
from nodes enclosed by tight, healthy leaf sheaths. Several sugarcane varieties developed 
red rot, even after fungicidal treatments and subsequent storage with the fungicide 
residue remaining on the cane; the buds and leaf scars served- as the initial points of 
entry. Various treatments with fungicides and hot water did not eliminate the organism 
from the stalk. Leaf sheaths of susceptible and resistant varieties collected in the field 
developed red rot when placed in moist chambers. The perithecial stage occurred on 
a large percentage of dried leaf sheaths of Co. 290. The evidence indicates that the 
sugarcane stalk is infected with the red rot organism previous to planting, perhaps in a 
dormant form, and that the disease develops when or if the vitality of the cane becomes 
lowered. 

Time and frequency of occurrence of Pythium debaryanum and graminicolum on 
roots of barley. Summers, Thomas E. Seven field plantings of barley were made from 
April 2 to July 9. Pythium debaryanum was frequently isolated from germinating seeds, 
roots of young seedlings, and roots of older plants from April 7 through the first week 
of July. After that time it was isolated with decreasing frequency until July 24 when 
none was recovered. P. graminicolum was not isolated from germinating seeds or from 
roots of very young seedlings. However, a high percentage of isolations from roots of 
older plants in all plantings contained P. graminicolum. The fungus was recovered 
frequently from May 2 through August 3. Among isolations made from roots of plants 
less than eleven days old only 5.6 per cent contained P. graminicolum. Among isolations 
from roots of plants more than eleven days old, 73.5 per cent contained P. graminicolum. 
In no case was P. graminicolum isolated from germinating seeds; it was rarely isolated 
from roots which had not attained a length of 8 cm. P. debaryanum was frequently 
isolated from germinating seeds, roots of very young seedlings and roots of older plants 
grown in field soil in the greenhouse. P. graminicolum was recovered only from roots 
of older greenhouse-grown plants. Apparently P. graminicolum does not infect the 
germinating seed or roots of very small barley seedlings in field soil. 

The effect of cereal crop rotation on **take-alU* damage. Suneson, Coit A., and 
John W. Oswald. A randomized series of wheat, barley, oat, and rye plots grown for 
hay yield trials in 1946 disclosed severe “take-alU* damage in the first two mentioned 
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crops. The absence of separating alleys and minimum intervening tillage facilitated 
replanting the same crops in 1947 at right-angles to the previous seeding. From the 
resulting checkerboard, yields of each crox) succeeding itself and each of the other crops, 
expressed as grams of grain and straw per square foot, were determined from averaging 
yields at six points. Thus, on areas previously cropped to wheat, the current yields of 
wheat, barley, oats, and rye were 8, 29, 51 and 55 grams, respectively. On previous 
barley land these crops yielded 8, 30, 54, and 58 grams j on previous oats, 42, 52, 42, and 
51 grams; and on previous r 3 ^e, 45, 57, 48, and 54 grams, respectively. All isolations 
from both years ^ croppings of wheat and barley yielded Ophiobolus graminis. No 
pathogenic fungi could be isolated from oats or rye in either year. The data clearly 
depict the relative susceptibility of the four crops, their effect on the survival of O. 
graminis, and the benefit from rotating rye or oats with barley or wheat. (Cooperative 
investigations. Bureau of Plant Industry, Soils, and Agricultural Engineering, U. S. 
Department of Agriculture and California Agricultural Experiment Station.) 

Barley powdery mildew (Erysiphe graminis hordei) influenced by environment pre¬ 
vious to inoculation. Tapke, V. F. Wide differences of opinion have long existed in 
regard to the environmental conditions that promote powdery mildew in barley and 
wheat. In a preliminary study of environmental influences, two susceptible varieties of 
spring barley were sown in pots in September, 1946. vSoon after seedling emergence 
some of the pots were put outdoors, some w'ere kept in a greenhouse and lightly watered, 
and some were kept in a greenhouse and liberally watered. After 8J weeks the xflants 
grown under those different conditions were mildew-free. They were then uniformly 
inoculated with powdery mildew conidia and thereafter amply watered and kept in a 
greenhouse under similar conditions. On the outdoor xdants, which were short and 
heavily tillered, very little mildew developed; on the lightly watered greenhouse plants, 
a moderate amount developed; and on the heavily watered greenhouse plants, which 
were tall and succulent, there was verj' abundant mildew. These results indicate that 
the pre-inoculation environment may materially affect the |)Ost-inoculation reaction of 
the plants to mildew. This subtle pre-inoculation influence, hitherto unsuspected, ap¬ 
parently, may explain the divergent reimrts on post-inoculation co iditions that promote 
I)Owdery mildew. 

Prolonging viability of spores and mycelium of the barley loose smut, Vstilago nuda, 
Tapke, V. F. Spores of many different collections of TJ. nuda and mycelium in seed 
from hand-inoculated flowers were stored at 32" F. in a refrigerator. At these tem¬ 
peratures some of the spores were still viable after nine years, whereas in storage at room 
temperatures, viability often declines appreciably in three to six months or less and 
seldom exceeds one year. Seeds of five barley varieties from flowers inoculated by 
hand in 1940 and stored at 32" F. were sown in a greenhouse in January, 1947. Sixty- 
seven per cent of the seeds produced seedlings. In the variety Lion (C.I. 923), 73 j)er cent 
of the heads were smutted. Knowledge of the possibilities of cold storage for prolonging 
viability in U. nuda has facilitated study of its physiologic races and breeding for re¬ 
sistance. 

Bacteria in healthy plant tissue. Tervet, Ian W., and John P. Hollis. Potato 
plugs obtained aseptically from many apparently healthy tubers were found to have 
bacteria associated with their tissues. Plugs prepared with care to avoid superficial or 
aerial contamination, when placed in tubes of sterile water, not infrequently disintegrated 
and deposited starch. Besides complete breakdown, 4 additional types of bacterial 
action were evident: turbidity with gas; green fluorescence; pellicle formation; and 
partial breakdown without starch liberation. From 15 lots of sound Red Warba potatoes, 
over 1000 plugs were made and submerged in sterile water. Bacterial development 
ranged from 10 per cent of the plugs in some lots to about 90 per cent in other lots. 
Plugs obtained from aerial tubers also were frequently found to contain bacteria. Simi¬ 
larly prepared plugs from storage organs of several plants developed thus: 80 per cent 
of the turnips gave bacteria, about 30 per cent for carrots, beets, and kohlrabi, while 
sweet potatoes and tomato fruits remained sterile. Variation in disinfecting procedures 
and in methods of obtaining plugs did not vary appreciably the percentage of plugs 
with bacteria. The results indicate that at least some apiiarently healthy, fleshy storage 
organs may harbor bacteria. 

Germination of spores and artificial culture of Vrocystis agropyri from red top. 
Thieumalachar, M. J., and J. G. Dickson. Vrocystis agropyri occurs on many im¬ 
portant pasture grasses. Recently, Fischer suggested the combination of U. tritioi and 
V, occulta under V, agropyri. Germination of the chlamydospores of U, agropyri from 
any of the-grass' hosts so far is nnreported. Chlamydospores on Agrastis gigantea 
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collected at Madison were germinated and the cycle of the fungus studied. A whorl of 
2 to 4 sporidia are borne at the apex of the promycelium; these fuse in pairs and develop 
infection hyphae. Occasionally two or more nuclei pass directly from the promycelium 
into the sporidia, resulting in infection hyphae without sporidial fusions, as described 
by Stakman et al. in V, occulta. Cultures of the fungus isolated have been strictly 
mycelial types, although cultures from haploid sporidia have not been tested. Chlamy- 
dospores developed in culture consisted of spore balls without apparent sterile cells. 

The effects of representative plant growth substances upon attenuated badrrial 
crown galls. Thomas, John E., and A. J. Riksr. Plants inoculated with an attenuated 
(A6-6) strain of the crown-gall bacteria (Phytomonas tumefaciens) have been treated 
with 57 different, representative plant growth substances. The plants were decapitated 
and the chemicals in lanolinc applied to the cut about 2 inches above the bacterial 
puncture inoculations. Results were secured from treatments of more than 4900 plants, 
including tomato, sunflower, Paris daisy, marigold, and velvet leaf. Such plants treated 
with 19 of these substances developed attenuated-bacterial galls which were larger than 
those on the controls. These 19 substances rei>rescnted numerous different kinds of 
plant growth substances. Attenuated-bacterial-gall stimulation by these chemicals was 
sometimes, but not always, associated with such growth responses as epinasty, root 
stimulation, bud suppression, tissue proliferation, or formative effects. Consequently the 
increased growth of the treated attenuated-bacterial galls may be considered as another 
type of growth response. Bacteria, reisolated from the stimulated galls were still at¬ 
tenuated. The effect of the growth substances in stimulating the attenuated-bacterial 
galls appeared to be on the host, or the bacteria-host interaction, rather than on the 
bacteria. 

Differential tests of three isolates of Phytophthora infestans. Thomas, W. D., Jr. 
One isolate of Phytophthora infestans from Maine and 2 from Colorado were tested for 
their pathogenicity on 10 potato selections and 5 tomato varieties. Of the latter isolates, 
1 was from Weld County and 1 from the San Luis Valley. The Weld County isolate 
was least pathogenic on potatoes, and the Maine isolate was least pathogenic on tomatoes. 
The Red McClure potato and Pritchard tomato were moderately resistant to foliage 
infection by all isolates. Simultaneous studies on the retention of sporangial viability 
in different relative humidities at 24® C. showed that the San Luis Valley isolate survived 
at a relative humidity of 25 per cent for 3 hours, the Weld County isolate 1 hour at 35 
per cent, and the Maine isolate 1 hour at 45 per cent. Some sporangia of the San Luis 
Valley isolate survived 48 hours in a 55 per cent relative humidity. After 5 hours, 85 
per cent relative humidity reduced significantly germination by the Colorado isolates, 
and 95 per cent reduced the Maine isolate. This evidence indicates that the isolatt's arc 
separate strains of the pathogen, the Colorado forms capable of surviving conditions of 
lower atmospheric moisture. 

The rdle of minerals in production of streptomycin by Streptomyccs griseus. Thorn- 
berry, II. H. Some plant and animal products that stimulate the production of strepto¬ 
mycin when added to a basal medium (glucose 10 gm., peptone 5 gm., NaCl 5 gm., dis¬ 
tilled water 1 liter) wore ashed at 700® C. and added to the same medium to ascertain 
whether the organic or mineral constituents of these products were responsible for 
streptomycin production. Stimulation expressed as the ratio of production to that in 
the basal medium (15 units per ml. in 3 days of shaken culture at 26® C.) was obtained: 
from corn steep 12.9, cowpea seed 32.1, distiller ^s dry solubles 24.8, peanut meal 9.3, 
peanut protein 3.4, peanut aqueous extract at pH 8.0 13.5, peanut protein waste liquor 
18.5, peptone 6.0, sugar-beet hulls 14.6, sunflower seed meal 23.8, and yeast extnict 9.3. 
There was a reduction in streptomycin production by the ash of some materials: alfalfa 
meal 0, apple leaves 0.46, chestnut leaves 0.73, and wood sulfite Avaste 0.93. Peanut meal 
contained some organic inhibitor since all ashed fractions gave higher production than 
lion-ashed fractions. From this evidence it is concluded that minerals play an important 
role in streptomycin production. 

Studies on Xanthomonas pruni bacteriophage. Thornberry, H. H., A. Eisenstark, 
AND H. W. Anderson. Xanthomonas pruni bacteriophage has been observed to remain 
active and specific for its host for 20 years at room temperature, in a sealed glass tube 
and away from light. Lysis occurred in the first inoculation in which 0.1 ml. of the 
stored phage was added to a 5-ml. broth culture. The titer of the phage preparation 
when stored was 10 ®. It was not determined when revived. By serial passage through 
broth cultures with heavy growth (24-hour growth in broth with 1.8 cm.* air surface per 
ml.), the titer was 10~® on the 12th serial transfer. This preparation of phage lysed all 
cultures of X, pruni that were isolated from peach, plum, and apricot from various parts 
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of Illinois. It did not lyse X, lactucae-scariolacy whicli is distinguishable from 
only by pathogenicity, or Erwinia amylovora isolated from apricot twigs, or X. campestris 
var. armoraciae. Electron micrographs of the bacteriophage show that it is similar in 
size and form to Escherichia coli bacteriophage and that the bacteriophage is absorbed 
by X, prvni. 

Chromates as potato fungicides. Thitrston, II. W., Jr., J. G. Leach, and J. D. 
Wilson. Since 1941 numerous compounds containing chromium together with from 
one to four other metals have been under test, as potato fungicides in Pennsylvania. 
During 1946 and 1947 certain of the most effective of these have been tested as well in 
West Virginia, Ohio, and Florida. Certain copE>er zinc chromates have given outstanding 
results in the control of both early blight (Allernnria) and late blight (Phytophthora). 
When these diseases are serious enough and infection takes place early enough com¬ 
mensurate increases in yield are noted. When used alone, these chromates have been 
shown to have insect-repellent properties equivalent to Bordeaux mixture and when 
used with DDT the yields produced have equaled or surpassed the yields from fixed 
coppers,’’ ‘‘Dithane,” and Bordeaux. 

An inoculation method for determining resistance in corn to Viplodia car rot. ITll- 
STRur, Arnold J. Inoculum was ])rcpared from spores produced on sterile whole oats in 
2-qt. fruit jars after 4 to 8 weeks of incubation in the light at 22° to 26° C. Spores from 
2 jars of culture wore washed free of the substrate and suspended in 1 qt. of water. The 
final inoculum was made up of 1 qt. of stock spore suspension in 2.5 gal. of water. The 
inoculum was sprayed over the corn ears by means of an ordinary comE)resscd air sprayer. 
Approximately 300 ears could be sprayed with 2.5 gal. of inoculum. The optimum time 
for inoculation appeared to be a iieriod from full silk until 2 to 3 weeks later. Inocula¬ 
tions made 4 or 5 weeks after full silk resulted in much lower infection. No differential 
virulence was observed in several isolates tested. Isolates vary considerably in sporu- 
lating ability. Selection of isolates was made on the basis of rapid and abundant spore 
E)roduction as determined by preliminary tests. Incidence of infection was determined 
by (1) percentage of infected ears, (2) by percentage of infected kernels, by weight, in 
a shelled aliquot of each plot, and (3) by a disease index. Hesults of the three methods 
showed a highly significant correlation, Ke,siata.nce of inbred lines was determined in 
single-cross combination. 

Antibiotics and potato ring rot. Van S(UIAA(’k, Valkria. TVnicillin and strep¬ 
tomycin kill the potato ring-rot bacterium (Corynebacteriuni sepedonicum) in vitro. 
Therefore, they were applied to artificially inoculated, cut seed E)ieces. Potatoes used 
were Minnesota-grown, certified Pontiac and White Bose varieties. Inoculated, but 
.antibiotically untreated seed-pieces of neither variety grew, but rotted in the soil; there 
was good growth of controls. Inoculated and penicillin-treated seed-pieces did not grow, 
although controls produced healthy plants. Inoculated, streptomycin treated seed- 
pieces gave good growth with both potato varietit's. 

Combining resistance to wildfircy mosaiCy hlacic root rot, and fitsnrium wilt in 
hurley tobacco. Valleau, W. D. In 1946 Ky 23 hurley tobacco was pollinated with 
Nicotiana longiflora pollen, a species resistant to wildfire. Several pods were well filled 
but nearly all seeds were hollow. The forty fertile seeds obtained were treated with 
colchicine during germination. Of 31 plants, four proved to be fertile when selfed or 
backcrossed. Resistance to wildfire is dominant, so each generation was backcrossed to 
eliminate, as quickly as possible, all N. longiflora chromosomes except the one, or a 
portion of it, containing the resistance factor. The backcross parents used were varieties 
resistant to mosaic (NN) and black root rot; or to mosaic (NN), black root rot, and 
fusarium wilt. The first and a few of the second backcross generation plants were 
strap-leaved and rosette-like, but others of the second backcross were excellent type hurley 
plants. The third backcross generation is all tobacco-like. It is hoped that by this 
method of breeding, varieties will soon be developed that are practically immune to 
four major tobacco diseases. These varietie.s of N. tabaenm will contain genes from 
N. longiflora and N. glutinosa. 

Factors affecting the nature of resistance of potatoes to scab. Vauohn, John R, 
Certain pustule types of scab were first noticed to differ from the common scab typo 
among seedlings tested at the Minnesota Agricultural Experiment Station in 1938. 
Experiments in the field and greenhouse were conducted for three years at Minnesota 
and later for one year at West Virginia. These experiments showed that two of the 
abnormal pustule types selected for study were constantly associated with certain seed¬ 
ling lines, regardless of the race of the pathogen causing infection. This indicated that 
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the expression of resistance or susceptibility in these cases depended upon the genetic 
constitution of the host. The Menominee variety, which has consistently been resistant to 
the attack of many races in different locations in the United States, was investigated to 
determine the mechanism of its resistance. It was found that the wound periderm forma¬ 
tion was completed three times as fast in this variety as in the susceptible Smooth Rural 
variety. It is suggested that the type of resistance found in Menominee is due to the 
speed of wound periderm formation, which results in the exclusion of the pathogen from 
extensive penetration of the host tissue. 

Development of cluhroot resistance in cabbage. Walker, J. C., and R. H. Larson. 
Long search for individuals in cabbage varieties, that were resistant to cliibroot {PlaS’ 
modiophora brassicae), has been unsuccessful. In 1941 kale-cabbage hybrid rogues were 
found in a Wisconsin cabbage field, self progenies of which contained highly resistant 
individuals. Some of the fourth-generation inbred progenies have uniformly high 
resistance. These inbreds have the leafy headless kale character. In crosses with 
cabbage the F, generation segregated with a preponderance of susceptible individuals. 
In the Fa a small percentage of highly resistant individuals ai)pcared, which were divided 
about equally between kale, intermediate, and heading plants. From the last group, 

selections have been made to secure lines in which high resistance is combined with desired 

head and plant type. 

Multiple alleles and factor interaction in Glomerella. Wheeler, H. E., and S. J. P. 
Chilton. Single ascospores from plus-type cultures of Glomerella from a variety of 
host plants invariably produced a high percentage of variants of the minus type. Less 
frequently variants of other types were produced. During a six-year period a total 
of eighteen distinct strains, differing in various cultural and morphological character¬ 
istics, have been isolated from the progenies of a plus culture from wild morning glory. 
Analyses of asci produced by appropriate crosses indicated that the differences between 
seven of these strains were controlled by six genetic factors or groups of factors. 

Three of these factors were at one locus (A) and three at a second locus (B) on the 

same chromosome. The factors at each of these loci apparently represent multiple 
alleles. Two pairs of allelomorphic factors, one at each of the two loci, conditioned 
the production of fertile perithecia. A factor for imrtial self-sterility at locus B was 
epistatic to a factor for self-fertility at locus A when the two were combined in a 
strain of the minus type. The reverse was true when the same two factors were combined 
in a strain of the plus type. 

Gomphrena globosa, a useful plant for qualitative and quantitative worJc with 
potato virus X. Wilkinson, R. E., and F. M. Blodgeit. Local lesions, without 
systemic infection, develop when Gomphrena globosa the globe amaranth, is inoculated 
mechanically with potato virus X, provided carborundum is used. Many strains including 
so-called masked, mottle, and ring-spot strains were tested and all gave this reaction. 
Lesions appear in 2 to 3 days and are encircled by a red ring within a week after in¬ 
oculation. Lesions form more slowly and less distinctly on old leaves than on young 
leaves. Although plants tested from different lots of seed varied considerably in size 
and appearance, they all appeared to react in the same manner except that some produced 
many more lesions than others when inoculated with a given inoculum. Since this 
plant has opposite leaves, which are similar in appearance and sensitivity, it is well- 
adapted for quantitative work. Most satisfactory results were obtained when plants were 
used just prior to flowering. At this stage, most plants have 4 pairs of leaves which are 
large enough for quantitative work. The number of lesions formed is increased if the 
leaves are rinsed immediately after inoculation, and is decreased if the leaves are shaded 
for 48 hours before or after inoculation. 

A detached leaf method for vector studies with the tomato-spotted-wilt virus. 
Weight, C. M., and F. M. Blodgett. The onion thrips, Thrips tabaci, was successfully 
reared on potato or tomato leaflets placed in Petri dishes containing water. Nymphs were 
confined on the detached leaflets by a ring of Thnglefoot. Emerging adults were 
placed in microcages mounted on leaflets. Some adults that had previously fed as 
nymphs on spotted-wilt-infected potato leaflets produced local lesions when they were 
confined on healthy detached petunia leaves. These lesions appeared three days after the 
infective adults were allowed to feed on the petunia leaves, and were similar in appear¬ 
ance to lesions resulting from mechanical inoculation with the virus. The study in¬ 
dicated the importance of maintaining pedigreed cultures of thrips, of testing for the 
presence of the virus in the leaflets on which the nymphs were to be confined, and of 
mechanically inoculating one-half of the petunia leaf with the virus to make certain that 
it reacts with local lesion formation. Leaves of Nicotiana glutinosa and N. tabacum 
could not be used, to test the infectivity of the adults because the insects failed to feed 
when confined on them. 
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Hereditary defects in tomatoes. Young, P. A. Inherited defects in tomatoes re¬ 
semble viroses or other plant diseases. For example, inherited necrosis caused epinasty 
of rhachises, browning of veins, yellow spots in leaflets, dying of leaflets, and browning 
of the epidermis of tomato stems. Inherited lutescence caused yellowing and browning 
of the lower leaves and yellowing of the stems and unripe fruits. Pits and mosaic-like 
stripes were inherited in the fruit peel. Brachytic and extremely dwarfed types of 
growth resembled the bunchy-top viroses. Runty plants remained dwarfed in cold 
frames. Wiry leaves and midget tomatoes resembled witches^ broom or extreme fern 
leaf. Wilting leaves suggested a root disease. Yellow lethal seedlings died early. 
Sticky-geno hybrid tomatoes were sterile when they resembled their Lycopersieum cMcnse 
I)arcnt. Inherited susceptibility to physiologic abnormalities occurred in tomato varieties 
with high percentages of leaf roll, fruit puffing, blossom-end knobs, cuticle cracks, blos¬ 
som-end rot and catface. A mutant tomato had extremely puffed fruits resembling bell 
peppers. When genes for resistance to parasitic diseases exist, their alleles for suscep¬ 
tibility are inherited defects, such as susceptibility to wilts caused by Fusarium and 
Verticillium, and to leaf spots caused by Cladosporium and Septoria. 

Pod mottle, a virus disease of beans. Zaumeyer, W. J., and H. Kex Thomas. A 
new bean virus, which produces local lesions in certain varieties and systemic infection 
in others, was isolated in 1945 from mottled bean (Phaseolus vulgaris) pods collected in 
South Carolina. The local lesions caused by this virus are different from those caused 
by any other virus affecting beans. The systemic mottle symptoms resemble those pro¬ 
duced by southern bean mosaic virus but are more intense. Pod mottle virus produces 
a decided mottling and considerable pod malformation The virus is readily transmitted 
mechanically. Immunological studies showed no relationship between pod mottle, southern 
bean mosaic, and common bean mosaic viruses. Just as in the case of southern bean 
mosaic, a variety susceptible to local lesion infection is resistant to systemic infection. 
Similarly, one resistant to local infection is susceptible to systemic infection. Sixty- 
eight bean varieties were tested and all were susceptible to cither local or systemic in¬ 
fection. The varieties susceptible to local infection can be considered commercially re¬ 
sistant. The Sieva Lima bean and soy bean were the only other susceptible hosts found 
among 31 species representing 20 genera in 9 families. The virus was inactivated between 
70° and 75° C. when heated for 10 minutes and at a dilution of 1 -100,000. It resisted 
aging for 62 days at 18° C., but after 93 it was inactive. 

Shiny pod (greasy pod) virus and its identity with black root virus. Zaumeyer, 
W. J., AND H. Rex Thomas. A new virus of beans, formerly known as greasy pod and 
now called shiny pod virus, was described in 1947 as a strain of common bean mosaic 
virus. It was reported as infectious only to varieties susceptible to common bean mosaic. 
The identity of shiny pod virus and black root virus has now been established. Varieties 
such as Idaho Refugee, Logan, and Rival whose resistance to common bean mosaic is in¬ 
herited from Corbett Refugee develop typical black root symptoms when inoculated with 
shiny pod virus. In contrast, varieties such as Great Northern 15 and 123 and Red Mexi¬ 
can 3 and 34 whoso resistance to common bean mosaic is inherited from Great Northern 1 
are resistant. Similarly, Robust does not develop either black root or shiny pod symp¬ 
toms. Certain pole beans, such as Kentucky Wonder and Blue Lake, develop black root 
symptoms when inoculated with shiny pod virus. These studies show that black root 
symptoms develop only on certain varieties resistant to common bean mosaic, and shiny 
pod symptoms only on those susceptible to it. Although shiny pod virus is widespread in 
many western bean-growing areas on varieties susceptible to common bean mosaic, black 
root infection has been found only infrequently on varieties resistant to common bean 
mosaic, except those deriving their resistance from Great Northern 1. 

Pythium seedling rot and root necrosis of Allium cepa. Skmeniuk, G., and B. N. 
Wadley. Throughout a growing season Pythium spp. attack roots of onion plants 
grown from seeds, sets, or mature bulbs in peat or mineral soils in Iowa. Diseased 
roots plated on agar consistently yield high percentages of Pythium of spherical and 
nonspherical sporangical types, including P. irrcgulare, P. ultimum, P. spinosum, P. 
mamUlatum, P. debaryanum, P. graminicolum. Fusarium develops from nearly every 
infected root, frequently with bacteria and nematodes; less frequent are a chlamydo- 
sporous Phoma sp., P. terrestris, and other fungi. Symptoms of Pythium parasitism 
are seed rotting, pre-emergence seedling rot, stunted emerged seedlings which often 
die, seedling damping-off, and lead-colored or faintly brown, yellowish or pink roots 
lacking cortex in advanced stages of disease. Nearly 100 per cent of pink roots from 
mineral and peat soils yield Pythium spp. with Fusarium, occasionally with Phoma and 
other fungi. Isolation techniques for Phoma terrestris eliminated Pythium spp. Pink 
root disease of onion in Iowa is primarily a Pythium root necrosis accompanied by 
Fusarium and Phoma terrestris. 
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FLUORINE ANALYSIS OP ITALIAN PRUNE FOLIAGE 
AFFECTED BY MARGINAL SCORCH 


V. L. Miller, Polke Johnson, and 
I). F. Allmendingeei 

(Accoptiid for jmblication August 30, 1947) 

INTRODUCTION 

A new patholoj>;ical (iondition, herein referred to as marginal leaf scorch, 
was reported in Italian prune trees in several localities in western Washing¬ 
ton during the middle to latter part of the growing season following produc¬ 
tion of aluminum in those areas (Fig. 1). The injury was investigated in 



Fio. 1, Part of Washington showing locations where samples of prune leaves were 
collected for fluorine analyses. Solid circles indicate location of aluminum factories. 


1944,1945, and 1946. It was found to occur in the areas of Washougal, Van¬ 
couver, Longview, and Tacoma in 1944 and 1945. In 1946 the leaf scorch 
occurred in the areas of Vancouver and Longview, but not near Washougal 
and Tacoma, following closure of the aluminum factories in the latter places. 
Fluorosis in cattle had been diagnosed in the area of each aluminum factory 
in Washington and the one at Troutdale, Oregon. 

1 Assistant Chemist, Associate Plant Pathologist, and Associate Horticulturist, Wash¬ 
ington Agricultural Experiment Stations, Western Washington Experiment Station, 
Puyallup, Washington, and Clark County Horticultural Investigations, Vancouver, Wash¬ 
ington, respectively. Published as Scientific Paper No. 689 of the College of Agriculture 
and Agricultural Experiment Stations, State College of Washington, Pullman, Washington. 
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All prune trees in an orchard usually within an area of 10 miles or less, 
but varying considerably with each factory in question, may be affected to 
some degree. Neither soil type nor cultivation greatly altered the condition, 
although the symptoms decreased witli abundant water supply. All attempts 
to isolate an organism as a causative agent failed, and examination of indi¬ 
cator plants eliminated sulfur dioxide as a causative agent. 

SYMPTOMS 

The first symptoms on Italian prune trees appear as water-soaked areas 
around the leaf margin, or less frequently they may appear in the leaf 
lamina. The affected tissue darkens to a brown and may fall out (Fig. 2). 


i-P- 



i- 
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Fig. 2. Italian prune leaves showing different amounts of injury. Leaf at left 
shows marginal scorch only; two leaves at right have symptoms of marginal scorch and 
leaf spot. Samples collected near Washougal, Clark County, Washington. 

All leaves may not be affected, but usually the lower half of the tree is more 
severely injured than the upper part. Where leaf scorch is severe as much 
as 50 per cent of the leaves, especially from the lower branches, may fall by 
the first part of August. In 1943 in the Washougal area the injured trees 
dropped most of the fruit two to three weeks before harvest and failed to set 
fruit in 1944 and 1945. A somewhat similar leaf condition in an apricot and 
fig orchard near an aluminum factory in California was reported to be 
caused by fluorine (8). 

The production of leaf scorch in Italian prunes and other plants by fumi¬ 
gation with hydrogen fluoride in a sealed chamber has been reported by the 
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authors (16). A detailed report of this part of the work will be the subject 
of a subsequent paper. 

LITERATURE REVIEW 

Fluorine compounds may occur in the smoke from industrial plants using 
fluorides in their processes. Injury to vegetation by fluorine compounds has 
been reported in the neighborhood of aluminum, beryllium, copper, iron, 
ceramic, glass, brick, superphosphate, and miscellaneous chemical factories 
(3, 4, 5, 13, 14, 15, 23 through 27, 29, 30). The fluorine-containing com¬ 
pounds have been reported to be hydrogen fluoride (HF), hydrofluosilicic 
acid (HgSiFo), and silicon tetrafluoride (SiF 4 ) (5, 13, 14). These com¬ 
pounds, when present in the atmosphere even in very minute concentration, 
have the property of being absorbed by moisture droplets, such as dew or 
fog, to increase very greatly the concentration in a limited area (2, 14, 18, 
26, 27, 29). In solution in dew hydrogen fluoride acts as a caustic acid. 
When the dew evaporates gaseous hydrogen fluoride may enter the leaf as a 
caustic gas (13). Thus the poisonous action of hydrogen fluoride, as both 
acid and gas, may be accomplished although the atmospheric concentration 
is .very low. In a closed room injury to vegetation was observed following 
a three- to four-week exposure when the atmosphere contained as little as 
two p. p. m. of hydrogen fluoride (13). Under somewhat different condi¬ 
tions two p. p. m. of silicon tetrafluoride caused injury much more quickly 
(30), as did higher concentrations of either material (13, 30). 

Descriptions have been given of the symptoms of injury from fluorine- 
containing gases for a number of species of trees, together with detailed 
microscopic study of changes in leaf structure (5, 13, 14*). The description 
of the macroscopic injury to prune leaves is similar to that observed in 
western Washington. However, several investigators have pointed out that 
diagnosis of fluorine injury to plants cannot be proved by symptoms alone, 
since other factors such as climatic conditions and other industrial fumes 
may cause similar symptoms (5, 13, 14, 15, 17, 24). Chemical analysis of 
the injured tissue was used as the final proof of fluorine injury by these 
investigators. 

The normal fluorine content of air-dried plant material, exclusive of roots, 
grown under normal conditions recently has been reported to be from 0.2 to 
4.5 p. p. m.; fertilization of the soil with fertilizers containing fluorine has a 
negligible effect on the fluorine content of the. foliage (6, 12, 13, 19, 20, 21, 
22, 26, 28). However, a report from French Morocco (10) indicates that 
where ground-water fluorine is high, the fluorine content of some plants may 
be higher. Earlier reports (11) that dried plants normally contain 130 
p. p. m. or more of fluorine are believed to be much too high, possibly due to 
inaccurate chemical methods available at that time for the determination of 
fluorine (5, 7). 

Considerable variation has been reported in the susceptibility of different 
plants to fluorine compounds in the atmosphere. Hydrangea and tomato 
were reported more resistant than Asparagus sprengeri Regel., Cyclamen sp., 
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aiid Solanum capsicasfriim Link. (9). Ash has been reported to be more 
susceptible than several species of oak, maple, and beech (6); while conifers, 
such as pine and fir, are very easily injured (6, 14, 30). Very sensitive to 
hydrogen fluoride fumigation of 10 p. p. m. were willow, birch, sweet cherry, 
nut, plum or prune trees (Pflaumenbaum), potato and grape vines. More 
resistant were sour cherry and apple trees. The pear tree was very insensi¬ 
tive, and almost as resistant were locust, alder, oak, poplar, and elm (14). 
Under field conditions it was reported that beech, oak, linden, chestnut, 

TABLE 1 .—Fluorine content of prune leaves collected in 1944, 1945, and 1946 from 
several areas in Washington where aluminum factories were in operation at time of 
sampling 



Location 

Location of 

of 

sample 

imarost 

(area) 

aluminum 


factory 

Vancouver 

Vancouver 


Portland 

Vancouver 

(Orc.)c 

Washougal 

Troutdale 


(Ore.) 


Longview liongview 

Tacoma Tacoma 

Whatcom and 

Skagit Counties Tacoma 

Benton County Troutdale 

(Ore.) 


Distance from 

nearest Sample 

aluminum date 

factory (approxi- 

--mate) 

Miles Direction 

0-1 « 

2- 5 N to E ») 

5-10 N to E 

over 10 N to E *> 

3- 6 S ^ 

2 NE Oct. 15 

2-5 N to NW h 

2-5 NE to E b 

5-10 NW Sept. 1 

over 10 NW Sept. 1 

0-3 W to NE Oct. 15 

0-3 E to SE b 

!)-3 N to SE Nov. 1 

over 90 N Oct. 15 

over 100 E Oct. 1 


P. p. m. P Number 
in dry matter of 

samples 
-— _ analyzed 


From 

To 

Av. 


137 

199 

168 

2 

21 

62 

39 

14 

13 

80 

30 

11 

10 

25 

19 

11 

88 

132 

no 

2 

231 



1 

30 

37 

34 

o 

83 

161 

121 

7 

21 

31 

26 

o 

18 



1 

61 

65 

63 

2 

no 

420 

274 

13 

ISO 

1400 

496 

8 

6 

15 

9 

5 

8 



1 


a Samples taken approximately Oct. 15 and June 15. 
b Samples taken at various times after July 15. 

c Obtained from J. S. Wieman, Oregon State Department of Agriculture, Portland, 
Oregon. 


walnut, grape, Damson plum, Myrobalan and Yellow Egg plum showed 
injury from fluorine-containing gases, while locust, maple, and blackberry 
showed only a trace of injury and apple and cherry were uninjured (14). 
The storage of fluorine in the young bark of trees exposed to fumes contain¬ 
ing fluoride has been reported, but the translocation of fluorine into the new 
leaf growth did not occur (6). Thus scorch on new young leaves cannot be 
caused by stored fluorine (6). 


MATERIAL AND METHODS 

Leaf samples showing injury were collected from several localities in 
Clark County, Washington, where disease symptoms were acute, and from 
localities where the characteristic injury was slight or absent. In addition. 
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TABLE 2 .—The effect of operation of aluminum factories on fluorine content of 
Italian prune leaves 


Tioeation 

of 

sample 

(area) 

Location 

of 

nearest 

aluminum 

factory 

Distance 

from 

nearest 

aluminum 

factory 

(miles) 

Av. p. p. m. F in dry 
matter 

1945 1946 

Aluminum factory 
Operating 

Number of snm]>les 

1945 1946 

Wasliougal 

Troutdale 

2-5 

121a 

9b 

7 

5 


(Ore.) 






Tacoma 

Tacoma 

0-3 

496 

20 

8 

2 




(Nov.l) 

(Oct. 7) 






Operating 

Operating 



Vancouver 

Vancouver 

2-5 

35a 

45b 

8 

6 

Longview 

Longview 

0-3 

303 

179 

10 

3 




(Oct.-Nov.) 

(July 25) 




» Samples taken at various times after July 15. 

Samples taken at various times after June 15. 

prune leaf samples were also collected in the vicinities of Loiifj^view and 
Tacoma where leaf scorch was also prevalent. To determine the fluorine 
content of prune leaves in a disease-free area, leaf samples were collected in 
the northwestern and central parts of the State, ninety miles or more from 
the nearest aluminum factory. In all cases the samples were dried in an 
oven at about 75° C., j»:round in a Wiley mill, and analyzed for fluorine 
•according to the method recommended by the Association of Official Agri¬ 
cultural Chemists (1,7). Samples of twigs taken during the dormant season 
were divided into the preceding season’s growth and earlier growth. They 
were dried, ground, and analyzed by the same procedure as that used for 
the leaves. 


CHEMICAL ANALYSES 

The results of the chemical analyses of leaves are shown in table 1. The 
data recorded show that in areas near the aluminum factories the fluorine 
content of the leaves was higher than in distant areas. This was especially 

TABLE 3 .—Fluorine content of prune twigs of different ages 


Location of 
sample 

Distance 

from 

nearest 

aluminum 

factory 

(miles) 

Age of twi^B and 

Av. p. p. m. F 

Total 

variation 

No. 

samples 
for each 
age 

1 year 

2-3 years 

Clark County. 

2.5 -10 

2.2 

2.6 

1.3-5.0 

3 

Tacoma . 

0.25 

17.0 

16.0 


1 


0.50 

9.3 

6.6 


1 


0.5 - 3.0 

4.1 

3.5 

1.9-4.7 

3 

Whatcom County 

.... 100 

0.7 

1.0 

0.5-1.1 

2 
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true to the east and south of the factories but considerable variation occurred 
within an area. 

The results in table 2 show the effect of the operation of alumiiuun fac¬ 
tories on the fluorine content of Italian prune leaves. The fluorine content 
of prune leaves in the area of closed factories returned to approximately 
normal. 

In order to determine if fluorine is stored in the tree, samples of twigs 
were taken in the dormant season and analyzed. The results of these analy¬ 
ses are shown in table 3. Although some fluorine was stored in the twigs 
and branches of injured trees, there was up to 100 times as much fluorine in 
the leaves. 

DISCUSSION 

In the Washougal and Vancouver areas where the summer rainfall is 
light, the severity of the injury was accentuated. There definite leaf scorch 
appeared with as little as 25-80 p. j). m. of fluorine in the leaves. It was 
observed in one orchard that trees watered b}^ a sprinkler showed less injury 
than adjacent non-irrigated trees, although leaf samples from both trees con¬ 
tained 88 p. p. m, of fluorine. 

In 1945 prune leaves from the area near Vancouver generally contained 
less fluorine than those in the vicinity of Camas and Washougal. The injury 
around the latter places fanned out in a wide area nortli of the factory at 
Troutdale, Oregon. That year the fluorine content of the leaves was higher 
northeast and east of the factory than was recorded at comparable distances 
to the northwest. The i)attern of the injury around Vancouver was more 
general. All samples from the Longview area were taken close to the factory 
in (piestion and were relatively high in fluorine and showed considerable 
marginal scorcfh. The same was true of the Tacoma area in 1945. In con¬ 
trast, however, in 1946 when the factories were closed, the leaves did not 
show marginal scorch and contained 25 p. p. m. or less of fluorine. The same 
was true iii the vicinity of Washougal. These results in general confirm the 
observation of previous investigators that fluorine is not translocated to new 
leaf tissue (6). In the areas around Vancouver and Longview, the amount 
of fluorine in the leaves and the degree of injury was similar in 1945 and 
1946. 

The samples taken from Whatcom, Skagit, and Benton Counties, which 
are over 90 miles from aluminum factories, may be considered to contain 
approximately the normal amount of fluorine for factory-free areas in Wash¬ 
ington. 

SUMMARY 

A new non-parasitic disease of Italian prune trees characterized by mar¬ 
ginal scorch and leaf spot appeared in certain areas of western Washington. 
In an investigation of the cause of the condition, it was shown by chemical 
analysis that leaves from trees grown in the affected areas were abnormally 
high in fluorine, as compared with leaf samples collected from other locali- 
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ties where this condition does not occur. The analyses from six samples 
collected 90 miles or more from an aluminum factory ranged in fluorine 
content from 6 to 15 p. p. m., while 76 samples from areas within 20 miles 
of an aluminum factory varied between 30 and 1400 p. p. m. of fluorine. 

Within a given area the amount of marginal scorch was approximately 
proportional to the fluorine content of the leaves. The fluorine content of 
the prune leaves returned to near normal and marginal scorch of the leaves 
did not appear during the growing season following the closure of the two 
aluminum factories in Tacoma and Troutdale, Oregon. 

The evidence indicates that some fluorine is stored in dormant twigs, but 
is not translocated to any great extent into the growing leaves. 

State College of Washington, 

Pullman, Washington. 
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SOIL FUMIGATION FOR FUNGUS CONTROL WITH 
METHYL BROMIDE 


A. G. Newhall and Bert Lear 
(Accepted for publication September 4, 1947) 

In the seareh for volatile fumigants that can be used to control not just 
nematodes but damping-off fungi, root and stem rots, and sclerotia of 
Sclerotinia, the writers’ experience wdth methyl bromide seems worth re¬ 
cording at this time. The results of five tests indicate that the ease with 
which methyl bromide can be handled, the absence of lachrymating and of 
dangerous phytocidal properties and its rapid penetrating power recommend 
it to some florists and vegetable plant growers who want a quick, labor- 
saving way to treat their seed bed or potting soil and are willing to pay a 
premium for a less disagreeable and quicker method than formaldehyde, 
steam, or chloropicrin can offer. 

Methyl bromide has been employed in several ways in different exi)eri- 
ments. The pure liquid, which comes in pound cans and cylinders under 
pressure at room temperatures, has been liberated in soil placed in 55-gallon, 
covered, metal drums. In a similar manner one- and two-cubic-yard piles 
of soil have been treated under a gas-proof tarpaulin. Solutions of methyl 
bromide on the market as Dowfume G and Iscobrome have also been used 
by injection methods at one-foot intervals in low piles or lesser intervals in 
‘ flats of soil and immediately sealed in. One grower has been applying one 
of the above products by a sprinkler technique, at .intervals over the soil, 
while building his compost pile with a steam shovel. 

In 1945 comparative tests made by the junior author with several fumi¬ 
gants in gallon crocks of soil infested with species of Pythium and Fusarium 
showed that as the dosage rates of Dowfume G and Iscobrome were in¬ 
creased well above those needed for nematode control, the control of damp¬ 
ing-off of peas was improved. With this and other clues as to the possible 
efficacy of methyl bromide as a soil fungicide, two 55-gallon metal drums 
were filled with a compost soil obtained from a florist in Rochester. The 
soil in one had a temperature of 48® F. and in the other 60° F. at the time 
of treatment. The drums had rubber gaskets and tight-fitting lids. Soil 
moisture was adequate for good seed germination. Exactly 90 ml. of methyl 
bromide was metered into the center of each drumful of soil through 
‘‘Saran” tubing inserted through a rubber stopper.^ Since there were 8 cu. 
ft. of soil in each drum, the amount of methyl bromide used was approxi¬ 
mately 11 ml. per cu. ft. The drums wwe held in rooms at approximately 
48° F. and 60° F., respectively, for 6 days after which samples of soil both 
treated and untreated were placed in flats and sown with spinach and beet 
seeds. V The results are given in table 1. The grower used the balance of 

1A convenient metering device for methyl bromide is made by the Arrow Products 
Company, Oarlstadt, N. J. 
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TABLE 1 .—MetiuUs of soil treatments in metal drums 



Average 



Treatment 

Percentage germination 

Number 
of weeds 


Spinach 

Beets 


Check . . 

2 

16 

27 

Methyl bromide 90 cc.—48° F. 

62 

88 

4 

Methyl bromide 90 ce.—60° F. . .. . 

45 

93 

0 

Steamed 30 min. at 15 lb. i>rcssurc ... 

50 

100 

0 


the soil to raise snapdragon seedlings. These are very subject to damping- 
off but for the first time in 3 'ears he had practically no loss and almost no 
weeding to do. 

In August, 1945 Stark and Lear treated two compost piles comparing 
a 10 ml. per cubic ft. rate of ehloropicriii (Larvacide) with a 50 ml. rate 
of Dowfume G. The soil temperature was 75° F. Injections were made 
3 inches deep and the piles sprinkled with water after which the chloropicrin- 
treated pile was covered with wet canvas and the Dowfume-treated one 

TABLE 2 .—Itesulis of compost pile treatment with Larvacide and Dowfume G 


Rtniida 


Treatment 


Check . ... . 

Larvacide at 10 ml./cu. ft. Pile sprin¬ 
kled and covered with wet canvas . . 
Dowfume G at 50 ml./cu. ft. Sprinkled 
and covered with gas-proof tarpaulin 


No. of 
weeds 

Cncutibcrs 
Per cent 

Spinach 
Per cent 

1287 

54 

16 

14 

87 

64 

3 

80 

76 


with a gas-proof tarpaulin. At the end of 5 days, samples of treated and 
untreated soil were sown to spinach and cucumbers. The final stands of 
seedlings and of weeds are given in table 2 from which it can be seen that 
under these conditions, methyl bromide performed as well as chloro])icrin 
both as fungicide and herbicide. 

The importance of adequate confinement of the fumigant was indicated 
by a similar experiment in September where liquid methyl bromide was 

TABLE 3 .—Eesults of compost pile treatments with methyl bromide 


Methyl bromide 
treatment 

No. of 
weeds 

Average percentage stands 
(3 flats) 

l>cr flat 

Spinach 

Cucumber 

Sweet pea 

Check—^None 

314 

20 

25 

20 

i lb. per cu. yd. (under gas-proof 
tarpaulin) . 

0 

18 

51 

29 

1 lb. per cu. yd. (under gas-proof 
tarpaulin) . 

0 

43 

80 

60 

1 lb. per cu. yd. (under canvas 
cover, not gas-proof). 

21 

10 

20 

27 
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discharged from a one pound can under different coverings into 1 and 2 
cu. yd. piles of compost soil at Auburn, N. Y. Soil temperature was only 
56° F. The results, as measured by seedling growth in samples of the 
soil, are given in table 3, and are shown in figure 1. 

Again 12 ml. methyl bromide per cu. ft. was adequate at the rather 
low temperature of 56° F. There is reason to believe from the work of the 
U. S. Bureau of Entomology that at soil temperatures about 20° F. higher 
a 25 to 50 per cent reduction of this dosage might be adequate under proper 
conditions of confinement. 

On February 11, 1947, a quantity of sandy loam compost heavily in¬ 
fested with weed seeds and damping-off fungi was brought indoors from 
cold frames and treated in a layer 1 foot thick on a concrete floor in a 
farm building near Rochester, N. Y. The soil moisture was fairly high 
but temperature was only 52° F. Injections of 60 ml. of Dowfume G were 
made on 12-inch centers about 5 inches deep. A gas-proof tarpaulin was 

TABLE 4 .—Compost pile injections with Dowfume G 


Crop sown 


Beets . 

Cucumber 

Peas 

^Tomatoes 

Siunacli 


Mean percentage stand of 

four repUcates Total no. weeds (2 flats) 


Untreated 

Treated 

Untreated 

Treated 

60 

95 

225 

72 

46 

83 

237 

104 

7 

94 

462 

176a 

42 

66 



10 

32 



“165 

370 




a All weeds in treated flats turned out to bo clover while purslane and grasses were 
also present in chocks. 

used as cover and left on 48 hours. Samples of treated and untreated soil 
were brought to Ithaca and sown with 5 different vegetables. Results of 
this test are given in table 4, and may be seen in figure 2. 

The grower made a similar test of treated and untreated soil using 
lettuce as an indicator, results of which were equally striking (Fig. 2, B), 
namely a 50 per cent increase in stand with a corresponding decrease in 
weeds due to treatment. The same grower, the year before, had treated 
part of his soil in the metal drums using Iscobrome, and noted much better 
growth of his melon seedlings. 

Ill another test,^ in which Dowfume G was compared with steam, formal¬ 
dehyde, and chloropicrin, soil was treated in situ in flats (14 x 18 x 3 inches) 
with the methyl bromide fumigant by pouring 5 ml. in each of 4 spaced 
holes (li inches deep). The treated soil was immediately sealed by sprin¬ 
kling lightly with water, then the fiats ivere covered with glue-coated paper 
and stacked in piles for two days at approximately 75° F. In other stacks 
were steamed, chloropicrin-treated, and formaldehyde-treated flats. The 
stands of seedlings are given in table 5. 

2 Test made by studeiits in plant disease control course taught by Dr. L. J. Tyler. 
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Fiq. 1. Top: Coldframe treatment with straight methyl bromide showing holes 
punched in soil at 6- to 8-inch intervals, method of covering with glue-coated paper, and 
three strings attached to buried selerotia. Center: One- and two-eubic-yard piles of com¬ 
post soil being treated with one-pound cans of methyl bromide under different types of 
cover. Strings are attached to bags .of buried selerotia. Bottom: Some results of treat¬ 
ments given above. A, Check. B, one pound methyl bromide per cubic yard imder gas¬ 
proof tarpaulin. C, same under ordinary water-proof tarpaulin. (Mere water seal was 
also inadequate.) 
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?■ ®**uWs of cold-frame soil treatment with Dowfume Q at 60 cn. cm. injections 
on 12-inch cetera covered 2 days with gas-proof tarpaulin. A. Upper flat treated, 

lower check. B. Two flats on left untreated soil, right treated. 
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At the rate employed, a pound of Dowfume G at 35^ would treat 16 flats, 
at a cost for material slightly over 2^ a flat. It is probable that several 
layers of wet newspaper could be successfully substituted for glue-coated 
paper as a wrap for the flats. 

On three or four occasions the sclerotia of Sclerotmia sclerotiorum have 
been buried in soil which was being treated with either straight methyl 
bromide at 11 ml. per cu. ft. or with Dowfume G at 50 ml. per cu. ft. Even 
at soil temperatures between 50° and 55° F., complete kill has been obtained 
provided the sclerotia were soaked a few hours prior to fumigation. When 
they were dry, many of them survived the treatment regardless of soil 
temperature. 

These methods of treating soils with eithei* straight methyl bromide or 
with commercial preparations containing this fumigant will be found use¬ 
ful in situations where a grower wishes to obtain fungus conti’ol and is 
willing to pay a small premium in order to avoid the ilisagreeable, or the 

TABLE 5.— Re.HiiUs of treating flata of soil 


Final stands of seedlings (2 flats) 
Crop sown - -- - --——— - 



Check 

Steam 

Chloropicrin 

Formaldehyde 

Dowfume G 

Cucumbers 

i) 

28 

25 

.13 

32 

Spinach . . . 

Tomatoes 

5 

29 

49 

36 

35 

16 

17 

19 

23 

31 

Beets . 

25 

115 

98 

117 

106 


51 

189 

.191 

209 

204“ 


phytocidal drawbacks of chloropicrin fumigation or the labor ajid time 
required in the formaldehyde treatment of small quantities of soil. One 
advantage of using straight methyl bromide in cases where the soil can be 
held in a gas-proof drum or other container is the short time required for 
the entire operation. It is believed that a 12-hour treatment followed by a 
similar period of aeration will be found ample time to keep soil out of use. 
wherever seeds are to be sown. Further experiments may show that results 
can be obtained with lower dosage rates than the ones recorded here. 

While methyl bromide so far has been tested against only damping-otf 
fungi and the sclerotia of Sclerotinia sclerotiorum, it seems entirely possible 
the methods outlined may be effective in eradicating other pathogens. The 
potency of this fumigant against nematodes, when used in metal drums was 
pointed out by Taylor (1941) '^ who found 1 ml. per cu. yd. adequate. Since 
methyl bromide fumes are practically odorless and dangerous to man, the 
operator should always provide plently of ventilation when working around 
or with it. 

Cornell University, 

Ithaca, New York. 

8 Taylor, A. L. Chemical control of root-knot. Larvacide Log. 4: 63-66. Aug. 
1941. Publ. by Innis Speiden Co., N. Y. 






CLITOCYBE ROOT ROT OF CITRUS TREES IN FLORIDA 
Arthur S. Ehoadsi 
(Accepted for publication September 19, 1947) 

INTRODUCTION 

Numerous cases of mushroom root rot, caused by CUtocyhe tabescens 
(Scop, ex Fr.) Bres., have been recorded by the writer since 1924 on a 
large variety of woody plants from various parts of Florida, where the 
disease is known to have occurred as early as 1902 (14). In addition to 
attacking native forest trees, this fungus attacks tungoil trees and a large 
number of fruit trees and ornamental trees, shrubs and vines, including 
many exotic ones. It was not until the end of 1929, however, that definite 
evidence was secured that citrus trees also are attacked. At that time, speci¬ 
mens of the roots of rough lemon {Citrus limon (L.) Bunn, f.) under grape¬ 
fruit at Lake Alfred, Polk County, sent to the writer for diagnosis, were 
found attacked by root rot, and pure cultures of C. tabescens were obtained 
from them. An inspection of this grove early in 1930 revealed that this dis¬ 
ease was extensive in the root systems of a considerable number of 15-year-old 
grapefruit trees. During this and succeeding years root rot was found 
in other citrus groves at Lake Alfred and in groves at a number of other 
points in Polk County, as well as in other counties in Florida. Preliminary 
reports of its occurrence have been presented by the writer (7 to 21). 

Although the occurrence of Clitocybe root rot of citrus trees in Florida 
was not recognized until late in 1929, this disease undoubtedly has caused 
considerable loss of trees in groves for many years. One grower informed 
the writer that this was the disease for which he began treating in 1915 in 
his grove at Kathleen, Polk County, where it was still attacking trees in 
1932. A further record of what clearly was this disease is afforded by 
notes, dated August, 1916, found several years ago in the files of the Florida 
Agricultural Experiment Station. These were based on a letter and speci¬ 
mens of the butt of a rough lemon under grapefruit sent by Mr. S. F. Poole 
of Lake Alfred. The writer has found Clitocybe root rot prevalent and 
destructive in a number of the groves at Lake Alfred formerly in Mr. Poolers 
charge. It is believed that both records constitute definite evidence that this 
disease occurred in the citrus groves of Polk’ County at least 15 years before 
its presence was demonstrated. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

No opportunity has been afforded to make a systematic survey of 
the citrus region of Florida to determine the exact distribution of Clitocybe 
root rot, though a number of groves at various points in Polk and Brevard 

1 Formerly Plant Pathologist of the Florida Agricultural Experiment Station, in 
charge of the Citrus Field Laboratory at Cocoa. Now at WilUam F. Clapp Laboratories 
for Scientific Research, Duxbury, Massachusetts. 
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Counties, where this disease was reported or suspected to occur, have been 
examined in more or less detail for 10 years, beginning in 1930. Observa¬ 
tions in other counties have been largely incidental to other projects. 

Unfortunately, even in groves where this disease occurs, unless fruiting 
bodies of the causal fungus develop, it is difficult to locate attacked trees 
without digging to expose the root systems for examination. In the absence 
of the fruiting bodies, attacked trees rarely have symptoms of the disease 
until the root systems have been killed to such an extent that the trees begin 
to decline, and such symptoms may be indicative of a number of troubles. 

Clitocybe root rot of citrus trees has been found thus far principally in 
various sections of Polk County, where plantings are almost entirely on 
rough lemon stock. This disease also has been found to a limited extent in a 
few groves in Brevard County, where this rootstock is used but rarely. It 
also has been found occasionally in Lake, Marion, and Highlands Counties. 

Clitocybe root rot has been found more or less frequently in Polk 
County in several groves in the vicinity of Lake Alfred, in a few around 
Winter Haven, in 3 in the Lakeland Highlands section, 2 near Waverly, 2 
at Lake Hamilton, 1 at Kathleen, 1 near the south end of I^ake Juliana 7 
miles north of Auburndale, and 1 at Lake Wales. The prevalence of this 
disease at several more or less widely scattered localities in this county 
indicates that a more extensive survey will establish its occurrence at other 
points. 

In Polk County, where Clitocybe root rot of citrus trees is most frecpient 
and widespread, the incidence of the disease, where found, varied within 
wide limits. The first examination usually did not suffice to locate all the 
attacked trees in most of these groves, and in some from one to several 
additional ones were found at subsequent inspections. In some cases the 
attacked trees occurred in groups but more often they were scattered irregu¬ 
larly throughout the groves or parts of them, indicating various centers of 
infection. 

At Lake Alfred the number of trees attacked varied from one or a few 
in 5 groves to at least 15 or 20 in another, and 40 in still another. A survey 
of 6 of these groves under one management,^ supplemented by subsequent 
inspections in some, resulted in locating a total of 80 attacked trees, com¬ 
prising 0.2 per cent of approximately 40,000 trees on about 700 acres. 
Since these groves average about 60 trees per acre, the total number of 
attacked trees would equal about 1^ acres out of the 700. These groves 
were from about 12 to 19 years old. 

In the groves examined in the vicinity of Winter Haven the incidence of 
the disease mostly ranged from but a single tree to a few scattered ones, 
though in one grove visited later 30 trees about 15 years old were being 

. 2 The writer is indebted to Mr. S. F, Poole, who, prior to his death in 1936, was vice- 
president of the Florida State Horticultural Society and prominent grove owner and 
developer at Lake Alfred, for his valued cooperation and interest manifested in the loca¬ 
tion and treatment of trees attacked by root rot in the groves under his charge. 
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given surgical treatment after the disease had progressed so far that they 
had commenced to decline. 

Tn the first grove inspected for root rot in 1931 at Highland City in the 
Lakeland Highlands section, where a considerable number of trees were re¬ 
ported to be dying, it was found that 34 out of a total of 384 on the first 
16 rows inspected WTre attacked and had been given surgical treatment. 
Forty-eight trees in this lO-acre block had been removed on account of 
decline from root rot. An examination of the diseased roots from the 34 
trees treated a short time previously showed that the trouble was due to 
Clitocybe root rot. In another lO-acre block, 14 years old, later examined in 
this section the owner stated that 8 per cent of the trees were attacked by 
this disease and that 28 trees had been given surgical treatment a short 
time prior to the inspection. This disease was found to occur frequently in 
another grove in this section that was examined by superficial digging 
around suspected trees, and gi-owers have i*eported its occurrence subse¬ 
quently in others. 

Clitocybe root rot also occurred extensively in portions of a grove at 
Kathleen, and the former owner^ reported that losses began about 1915, 
when the trees were about 5 years old. 

A large grapefruit and an orange, both on rough lemon stock, were 
found attacked by Clitocybe root in a block of grove at the south end of Lake 
Juliana 7 miles north of Auburndale, in wdiich several old seedling sweet 
orange trees having a number of dead and rotted roots had been treated sur¬ 
gically several years before for a disease thought at the time to have been 
foot rot (Phyiophthora parasitica). Further evidence of the activity of 
Clitocybe root rot in this property was afforded by finding it causing the 
death of several trees in a commercial planting of guavas {Psidium guajava ). 

In Brevard County, tlie only other county in which Clitocybe root rot 
was found occurring to any particular extent, this disease was limited to a 
few groves in the (fcntral portion. It was most frequent in portions of two 
groves on rough lemon stock at Georgiana on Merritt Island. In one of 
these, where the trees were 15 j^ears old, 38 trees in one corner were attacked. 
In the other, where the trees were 10 years old, 10 scattered trees were 
attacked. Instances of the disease on single trees on the same rootstock 
were found at Courtenay on Merritt Island, City Point, and Melbourne. 
The one at Melbourne was a calamondin in the yard of a residential property 
where a number of ornamentals also* had died from the disease. This 

3 The writer is indebted to Mr. W. E. Tucker of El Paso, Texas, the former owner and 
developer of this grove, for the information so kindly furnished by him with respect to 
the occurrence of Clitocybe root rot and his experience with this disease in this grove. 
Correspondence with this grower begun following the publication of an article by the 
writer (9), in which he reported the occurrence of this as a new disease of citrus trees in 
Florida. In May, 1932, Mr. Tucker wrote that he was convinced that this was the same 
disease that he had encountered and treated in his grove. He gave a diagram showing 
the varieties and rootstocks in the different blocks and the results of his experience with 
this disease. He stated that he had found it quite controllable, provided it was discovered 
and treatment administered before the root systems became seriously damaged. Further 
details of the occurrence of root rot in this grove are presented in the section of this paper 
dealing with rootstocks. 
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disease also was found to have attacked extensively the root systems of four 
seedling sweet orange {Citrus sinensis (L.) Osb.) trees about 45 years old in 
one part of a grove at Rockledge. 

Records of the occurrence of Clitocybe root rot in Lake County consist 
of a seedling grapefruit (Citrus j)Ct^^(idisi Macf.) tree probably 45 years old 
and a seedling sweet orange tree in a grove at Umatilla where trees had been 
lost over a period of years from a root trouble attributed to foot rot, and also 
a seedling sweet orange tree in an abandoned grove near the south shore of 
Lake Apopka, west of Oakland. 

The only record of Clitocybe root rot in Marion County consists of a 
single seedling sweet orange tree in a grove in Orange Hammock west of 
Altoona, although the owner ])reviously had reported losing an occasional 
tree from this trouble. 

In the brief opportunity to examine citrus groves in Highlands County, 
the writer found only a single case of Clitocybe root rot on rough lemon 
under Temple orange at Lake Placid. However, judging by the prevalence 
of oak scrub prior to clearing and the death of large numbers of horsetail 
beefwood (Casuarina equisetifolia) trees from this disease in roadside 
planting, it should occur frequently in the citrus groves of this section. 

A systematic survey will probably show Clitocybe root rot to be of 
fairly widespread occurrence throughout much of the ridge section of 
Florida, where rough lemon stock is used generally, and probably also in 
sections other than those here I’eportcd. This disease was reported by the 
county agricultural agent to occur in groves on sweet orange stock at De 
Land, Valusia County, but the writer has seen no cases in the few groves he 
has examined. 

A total of approximately 340 bearing citrus trees, nearly all on rough 
lemon stock, have been found attacked by Clitocybe root rot in the pre¬ 
liminary observations thus far made in Florida. 

SYMPTOMS 

The symptoms in citrus trees attacked by Clitocybe root rot vary greatly 
according to the progress of the disease. As a rule symptoms of decline 
do not develop until the disease has been working for a number of years and 
has killed a large proportion of the root system. A surprisingly large 
number of attacked trees in groves in various localities of the State have 
been located merely by the presence of either fresh or old, dried clusters of 
the fruiting bodies of C. tahescens at the trees bases (Fig. 1) in cases where 
the disease had been developing for some time but had not progressed 
sufficiently to cause other symptoms. Such trees usually appear as healthy 
and productive as adjacent nonattacked trees, though sometimes showing a 
general lack of vigor and a slight yellowdng of the foliage. However, upon 
removing the soil from the root crowms and adjacent roots, a number of the 
lateral roots are found invaded and killed for varying distances from the 
root crown (Fig. 2). In most of the attacked trees examined the taproots 
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also were invaded and killed. The disease generally appears to start at 
some point on the lateral roots or adjacent to the root crown and to spread 



Fio. 1. Clusters of mushrooms of Clitocyhe tahescens, A. Old clusters at base of 
grapefruit tree on rough lemon stock. B. Fresh clusters at base of orange tree on rough 
lemon stock. 

thence to other roots and the base of the tree. The distal portions of 
attacked roots frequently are not invaded by the fungus and remain alive 
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until the roots are girdled. In some cases elongated bark lesions varying 
from a few inches to a foot or more in length have been found along one side 
of living lateral roots. In a number of cases such lesions had become de¬ 
limited by the formation of a callus around the periphery, in which case the 
dead bark eventually disintegrated and sloughed off. In some cases a small 
dead area was found at one side of the base of the trunk. Such places 
frecpiently mark the point where a large lateral root has been killed back to 
the root crown and usually are places at which one or more clusters of the 
fruiting bodies of the fungus have developed. 

In more advanced cases of the disease where fruiting bodies of the fungus 
were not present a further symptom sometimes is a slight gumming around 



Fig. 2. Valencia orange tree on rough lemon stock attacked by Clitocybe root rot, 
showing young cluster of mushrooms developing at tree base and dead bark on root crown 
and roots after soil was removed. 

the root crown and extending upward on the base of the trunk. The gum¬ 
ming area of bark dies within a short time and develops small longitudinal 
cracks. In still older cases the bark at the base may die on one side of the 
trunk, or sometimes paftly around it, and crack loose along the callus de¬ 
veloped at the margin where the bark remained living. These basal lesions 
usually extend upward from a few inches to 12 or 15 inches, and closely 
resemble lesions due to foot rot. In long-standing cases of root rot the bark 
of these lesions may be completely sloughed off. Not infrequently, these 
basal lesions serve as points for the entrance or fruiting of secondary wood- 
rotting fungi, particularly species of Oanoderma, 

In the majority of the attacked roots of numerous citrus trees that have 
been examined, the mycelium of the Clitocybe root-rot fungus was abundant. 
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except in those cases where it had run its course and died. The mycelium 
varies from thin, white to cream- or chamois-colored wefts to felty layers of 
extensive development between the bark and the wood and also through 
the inner layers of the bark. Such mycelial sheets often are characterized 
by a more or less radiating or fan-shaped marginal development and a dis¬ 
tinctly perforate effect. Where the margin of the mycelium is invading 
living roots a slight gumming ma^^ occur in the cambial region (Pig. 3). 
Freshly dug roots in which the mycelium of this fungus is still active have a 
pronounced mushroom or fungus odor. 

In citrus trees the mycelium of the Clitocybe root-rot fungus rarely ex¬ 
tends much above the ground-line, although it usually develops upward for 
distances ranging from a few inches to a foot or two in other attacked trees. 
Mycelium of this fungus has been found occasionally, however, between the 





Fig. 3. Living root of old seedling sweet orange tree attacked by Clitocybe root rot, 
with bark cut away, showing radiate development of invading mycelial sheet and g\nn 
formation in cambial region. 

bark and the wood in actively growing localized lesions at one side of 
attacked citrus trees. As a rule, though, it is rarely possible to diagnose 
this disease on citrus trees by the simple expedient of making a cutting test 
of the bark at the base to reveal the presence of mycelial sheets, as usually 
can be relied upon in other trees if they have been attacked long enough for 
the mycelium to extend upward between the bark and the wood above the 
ground-line. 

Both radial and concentric cracks often appear in the wood of the 
larger attacked roots and become filled with whitish, felt-like layers of 
mycelium. In several instances even the wood in the butt of the tree has 
been invaded and heart rot has resulted, so that occasionally trunk divisions 
of large attacked trees split apart. In well-advanced cases of the disease the 
fungus causes a soft, whitish, delignifying type of decay of the deeper-lying 
roots and the decayed wood usually becomes watersoaked, soft and spongy, 
and often distinctly gelatinous in the late stages of decay. Longitudinal 
sections of such extensively decayed roots frequently show extensive pockets, 
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with whitish strands of mycelium in the interior, lioneycombing the wood 
(Fig. 4). 

The black, rounded or flattened, cortical and hypogeal, string-like rhi- 
zomorphs so fre((ucntly accompanying the closely related Armillaria root 
rot have never been foiiiid associated with root rot caused by Clitocybe 
tahescenn, either in citrus or other trees. In both citrus and other trees 
attacked by Clitocybe, however, peculiar blackish, indurated xylostroma 
outgrowths, resembling the stromata of certain Pyreuomycetes, frequently 
develop through longitudinal fissures in the bark of attacked roots (Fig. 5). 
These extrusions do not develop in all eases but develop profusely in some. 



Fio. 4. Longitudinal section through division of taproot of seedling sweet orange 
tree attacked by Clitocybe root rot, showing soft, spongy, delignifying type of decay and 
honeycombing of wood. 

They may develop on both small and large roots but are much larger and 
more prominent on large roots, where they may be -f'V inch wide and several 
inches long. Such structures also occur more or less commonly in the root 
rot caused by Armillaria mellea. 

In the case of a single seedling grapefruit and a few seedling sweet 
orange trees attacked by Clitocybe root rot, on roots with abundant xylo- 
stromata there also was noted black, bristle-like rhizomorphic structures 
protruding a short distance beyond the bark at right angles to the growth 
axis of the roots. These structures have been noted in but very few cases. 
Judging by their fineness, they would be very fragile when the soil becomes 
dry and would also be rather short-lived. The remains of these structures 
are apparent as black specks studding the bark between the network of 
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xylostroma extrusions (Pig. 5). In the case of a single old seedling grape¬ 
fruit tree attacked by Clitocybe root rot at Umatilla, on a section of one 
root that was removed, a few scattered, flabby, black rhizomorphic structures 
were observed on the under side, extending downward into the soil. These 
had a maximum length of approximately half an inch. 

By the time the Clitocybe root-rot fungus has invaded a portion of the 
root crown and sufficient of the roots to interfere with the maintenance of 
the top of the tree, the tree declines rapidly. The foliage becomes pallid 
and somewhat smaller than normal and the leaves become chlorotic along 
the midribs, as is invariably the case with acute starvation of citrus trees 
by any form of girdling or root-killing. The most seriously affected 
branches die back rapidly and the fruit produced on these devitalized 
branches is small and frequently drops before reaching maturity because of 



Fig. 5. Boot of old seedlin| 2 f grapefruit tree attacked by Clitocybe root rot, showing 
blackish xylostroma outgrowths developed through fissures in the bark and the remnants 
of small, bristle-like, rhizomorphic structures protruding through the bark at right angles 
to it. Natural size. 

the decline of the top. In the spring such declining trees develop an ab¬ 
normally heavy bloom, which is also a characteristic feature of girdled or 
root-injured trees. In some cases where the bases of attacked trees be¬ 
come extensively girdled by the fungus the entire top may wilt and die 
rather rapidly. In some instances trees that have been greatly weakened by 
the rotting of a number of roots may be blown over by high winds. 

CAUSE 

The root-rot disease under discussion is caused by Clitocybe tabescens 
(Scop, ex Pr.) Bres., one of the gill fungi. The fruiting bodies of this 
fungus consist of a few to many individuals with the stems developing from 
a common base. When fully developed, the caps are convex to flattened or 
centrally depressed with age, whitish to light tan- or honey-colored, smooth 
or adorned with tufts of fibrils near the center, and from 2 to 3^ inches in 
diameter, with whitish gills underneath. The united Clitocybe, as this 
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fungus commonly is called, resembles the closely related honey agaric 
{Armillaria mellea) in habit of growth, color, texture, and general appear¬ 
ance but is distinguished principally by the complete lack of an annulus, 
dissimilar spores, and in being more slender from the beginning. Armil¬ 
laria is of cosmopolitan occurrence and causes a very similar root rot. A 
comparative cultural study of these two closely related root-rot fungi has 
been made (19). A, mellea occurs more or less frequently in parts of 
northern Florida but in other parts of this State it is largely supplanted by 
C. tahescens. The mushrooms of the latter fungus usually attain their full 
development within a few days from the time the young “buttons’’ appear 
and decay rapidly in warm, rainy weather. However, if dry weather follows 
their development the clusters may dry and turn dark brown to blackish 
but remain recognizable for several weeks. 

The presence of either fresh or old clusters of the fruiting bodies of the 
fungus frequently enables one to locate attacked citrus trees long before 
the presence of the disease is even suspected. In groves where Clitocybe 
root rot is known to occur a periodic inspection for the fruiting bodies of 
the causal fungus often will enable the grower to locate attacked trees and 
treat them before the disease kills the roots to such an extent that it be¬ 
comes difficult or impossible to save the trees. 

The production of fruiting bodies of the fungus depends largely upon 
the progress of the disease and the seasonal conditions. They develop with 
greatest frequency during the fall and early winter, from about mid-Sep¬ 
tember to mid-December, but may develop in other months as well if soil 
moisture is favorable. As a rule only one or two clusters develop during 
the year and frequently none develop. 

Origin and Anatomy of Xylostroma Outgrowths in Bark of Boots 

The structure of the xylostromata that frequently develop as hard, 
blackish, stro'malike structures extruded through more or less longitudinal 
cracks in the bark of roots of woody plants attacked by Clitocybe tabescens 
is essentially identical with that of the outgrowths of Armillaria mellea 
described and illustrated by various writers. The structure of the mycelial 
sheets of Armillaria as they occur under the bark was described by Ilartig 
(5) as similar to that of the rhizomorphs except for modifications due to their 
different form and environment. Their occurrence in connection with the 
“collar crack” disease of cacao {Theobroma cacao) caused by Armillaria 
was described and illustrated by Dade (2). In the Gold Coast form of this 
disease on cacao in Africa, however, he found mostly a meager development 
of xylostromata between the bark and the wood but a strong tendency for 
development of xylostromata in the prominent medullary rays of the wood, 
which resulted in radial splitting of the stems. He designated the more 
or less frilly outgrowths of these mycelial sheets through longitudinal 
fissures in the bark as xylostroma extrusions. 

The writer has studied the development of these xylostroma outgrowths 
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in cultures of both these root-rot fungi in large test tubes and jars con¬ 
taining lengths of woody stems or roots with the ends in agar in the bottom 
of the tube or jar. When the growth of the mycelial sheets between the wood 
and the bark becomes sufficient to cause the bark to rupture longitudinally 
they grow out, sometimes in frilly fashion, through the fissures thus formed. 
Distention of the bark by continued growth and thickening of the xylostro- 
mata results in further widening of these fissures. When freshly extruded, 
these xylostroma outgrowths are soft and whitish, but following exposure 
to air and desiccation, as occurs in nature, they soon develop a brittle, 
horny, dark-brown to blackish crust, like old rhizomorphs, in which grains 
of sand are firmly imbedded (Pig. 5). That these structures are merely 



Fio. 6. Transverse section of small root of rouph lemon under Marsh grapefruit 
attacked by Clitocybe root rot, showing xylostroma formation extruded through longi¬ 
tudinal fissure in bark, x 30. 

outgrowths of the mycelial sheets developed between the bark and the wood, 
extruded through longitudinal fissures in the bark, is clearly shown by a 
study of transverse sections of the invaded roots (Pig. 6). These xylostroma 
outgrowths have been regarded as rhizomorphs by Darnell-Smith and 
Mackinnon(3, Pig. 2), Birmingham (1, Pig. 2) and Pawcett (4, Pig. 5, B) 
in their discussions of Armillaria root rot of citrus, each using the same 
illustrations. Although these xylostromata are comparable structurally 
with rhizomorphs, they are not to be confused with the usual shoestring-like 
rhizomorphs. 

ISOLATIONS AND PATHOGENICITY OF THE CAUSAL FUNGUS 

In view of the^act that Clitocyhe tahescens has been isolated consistently 
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from the roots of a diverse array of plants attacked by root rot in various 
parts of Florida over a period of several years, only sufficient isolations were 
made from citrus trees to demonstrate that this fungus was consistently 
associated with trees attacked by root rot. From 1929 to 1935 isolations 
were made from the roots of 10 different living citrus trees attacked by 
root rot at various localities in Polk and Brevard Counties, and in each 
case pure cultures of C. iabescens were obtained. Two of these isolations 
were from the roots of rough lemon under grapefruit, respectively at Jjake 
Alfred and Highland City, Polk County. Of the others, which were from 
Brevard County, three were from roots of rough lemon under grapefruit 
at Georgiana, Merritt Island, one from roots of rough lemon under eala- 
mondin at Melbourne, and three from roots of old, s(‘edling sweet orange 
trees at Rocklcdge. All but two of these isolates developed fruiting bodies 
in test tube or flask cultures. 

Prom 1924 to 1946 Clitocybe root rot has been recorded in Florida as 
attacking 210 different species of plants belonging to 137 genera and 59 
families. The writer has isolated the causal fungus from the roots of 156 
plants comprising 90 different species. These eomx^rised native forest trees, 
tungoil trees, ornamental trees, shrubs and vines, and fruit trees, including 
banana, citrus, guava, and various other subtropical ones. Although no op¬ 
portunity has been afforded to inoculate bearing citrus frees with C. tabeS’ 
cens, the repeated finding of this fungus attacking the root systems of living 
trees in various groves and its frequent and widespread occurrence and 
destructive effect on a diverse array of other trees, shrubs, and vines leaves 
no doubt that it is a virulent parasite capable of attacking uninjured roots of 
vigorously growing {jlants and spreading rapidly to adja(*ent ones, espe(*ially 
when closely planted. The writer (20) has shown it to be particularly 
destructive to plantings of beef wood {Casuarina spp.) trees, or so-called 
Australian pines, in Florida and has reported (15, 16, 17) successful in¬ 
oculation experiments with it on both the horsetail beefwood (C. eqniscti- 
folia) and the scalybark beefwood {C. lepidophloia). Plakidas (6) also 
reported the same with young Pineapple pear trees. 

RELATION OF INCIDENCE OF THE DISEASE TO SOIL CONDITIONS 
AND TIMBERED LANDS 

Clitocybe root rot of woody plants in Florida occurs on a variety of soil 
types, being rather frequent on the lighter, well-drained sandy soils, which 
are dominantly acid in reaction and inclined to be more or less droughty. 
However, it also occurs on soils with an alkline reaction. In citrus trees the 
disease thus far has been found on but a few soil types. In the central part 
of the State it has been found almost exclusively on Norfolk sand, while in 
the few groves in Brevard County on the East Coast it occurred largely on 
Norfolk fine sand, though on Gainesville sand (coquina phase) in the grove 
at Rockledge. However, the soil type in general appears to have less 
influence on the incidence of the disease than has the prevalence of oak 
and other hardwood trees on the land prior to clearing. 
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The incidence of Clitocybe root rot of citrus trees in a number of groves 
in various parts of Polk County has been found correlated with the use of 
timbered land for planting. The tree growth prior to clearing was the 
characteristic pine-oak association, with a hammock type of growth in some 
cases. In practically all the 77 trees dug around for surgical treatment 
late in 1980 and early in 1931 in 6 groves at Lake Alfred, oak and occasion¬ 
ally other hardwood roots infected by Clitocybe were found. These citrus 
groves were from 9 to 19 years old and the roots that had been left in the land 
when it was cleared, though certainly by no means all infected at the time, 
enabled the fungus to spead and served to transmit it to the roots of the 
citrus trees with which they came into contact. It also was observed in 
several instances that where an infected citrus root crossed or came into 
contact with another citrus root that the root-rot fungus was transmitted 
to this root. 

In the grove at Kathleen, where Clitocybe root rot was reported occur¬ 
ring first about 1915, it was related by the former owner that when the land 
was cleared in 1910 it contained numerous blue jack and turkey oaks 
{Quercxis cinerea and Q, laevis) and that a good many stumps were left in 
the ground for three or more years after the trees were planted. Oak roots 
infected by the root-rot fungus also were found under a number of citrus 
trees attacked by Clitocybe root rot in one grove at Highland City. It 
therefore appears that oak and other hardwood roots left in the land at 
the time of clearing can constitute sources of infection in planted citrus 
trees for a greater number of years than is generally believed. 

However, not all cases of Clitocybe root rot in citrus groves have been 
correlated with the spread of the fungus from infected roots in the land. 
In two groves at Georgiana on Merritt Island, where a considerable number 
of attacked trees were dug around for surgical treatment, oak roots were 
almost completely lacking, only a single small infected piece being found. 
However, uncleared land with oak trees adjoined the attacked trees in one 
grove. Moreover, in the grove at Eockledge no evidence of foreign roots 
was found under 4 seedling sweet orange trees, probably close to 45 years 
old, that were given surgical treatment. It therefore appears that infection 
by this disease must at times occur in some way other than by contact with 
infected roots, probably resulting from infection by the spores of the fungus. 

COMPARATIVE SUSCEPTIBILITY AND RESISTANCE OF DIFFERENT ROOTSTOCKS 

With the exception of a few old seedling sweet orange trees, an old 
seedling grapefruit tree, and those trees on everbearing lemon stock at 
Kathleen, all the citrus trees found attacked by Clitocybe root rot have 
been on rough lemon stock. A total of approximately 325 trees on this 
stock have been found attacked. Approximately two-thirds of these were 
budded to grapefruit, nearly one-third to orange, 9 to tangerine, 1 to cala- 
mondin, and 1 young tree to Tahiti lime. 
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Only ill the 20-acre grove at Kathleen, which is unusual in that a number 
of rootstocks were used, has an opportunity been afforded to make a com¬ 
parison of the incidence of Clitocybe root rot on different rootstocks in a 
property where this disease is known to have occurred for several years. 
A detailed inspection was made of this grove in June, 1935, following the 
receipt of the history and a diagram of the varieties and rootstocks used in 
the different parts, which were kindly furnished by the former owner, Mr. 
W. B. Tucker. Clitocybe root rot was reported to have developed about 
1915 but, aside from half a dozen declining trees, the grove was said to 
have been in fine condition when sold in 1918. However, Mr. Tucker, who 
visited his home adjacent to the grove at intervals, reported that since 
then there had been considerable loss of trees from both root rot and the 
chronic wilt and decline of citrus trees known as “blight. 

The trees purchased for the west three-fourths of this grove were sup¬ 
posed to have been budded on rough lemon stock but a considerable number 
actually were on everbearing lemon, as evidenced by the fruit borne on 
root sprouts that developed. It is well known that seed of this variety of 
lemoii was used formerly by some nurserymen and that trees on this stock 
have proved short-lived and subject to “blight. Tucker stated that his 
trees on this stock proved unusually susceptible to both Clitocybe root rot 
and “ blight. 

In the ]0-acre block of orange and grapefruit trees on the west half of 
this grove in which lemon (rough and everbearing) was used as the stock 
a large number of trees had been removed, while others had been braced with 
guy wires following extensive surgical treatment. As many as 17 of the 
original trees in one row had been either treated or removed. Immediately 
east of this 10-acre block were two adjoining small blocks of grapefruit 
trees, one being on mixed lemon stock and the other on grapefruit stock. 
In the former a heavy loss of trees was apparent, whereas no evidence of 
any tree loss occurred in the latter. This striking difference indicates a 
marked resistance of the grapefruit stock under conditions where the rough 
and everbearing lemon stocks proved highly susceptible. On the east side 
of this grove 4 rows of Valencia oranges on grapefruit stock were free from 
tree losses. In the balance of the east side of this grove, which was planted 
to Ruby orange on a mixture of rough lemon and sour orange stock, some 
losses occurred in trees on the former stock but none was apparent in those 
on sour orange. The complete freedom from root rot of the trees on sour 
orange stock in this block indicates a high degree of resistance, a characteris¬ 
tic that has been verified for this stock by general observations throughout 
a large part of the citrus region of Florida. 

Although numerous groves have been examined in various sections of 
the State, not a single case of Clitocybe root rot has been observed on trees 
on sour orange stock, including the bittersweet which is botanically the same 
species and often used indiscriminately in mixture. No instance has been 
observed of citrus trees on sour orange stock being attacked by root rot, 
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even in groves on Merritt Island, where the disease often causes a heavy 
mortality of beefwood {Casuarina spp,) trees, or so-called Australian pines, 
in windbreaks planted closely around and through the groves and occasion¬ 
ally interplanted between the citrus trees in the same rows. Judging 
from these observations, trees on sour orange stock possess a high degree 
of resistance to Clitocybe root rot, as they do to a number of other diseases. 
Citrus trees, in general, appear to be much more lesistant to this disease 
than many other woody plants. 

TRKATMENT OF ATTACKED TREES 

It has been Jiot onl}" possible but quite practicable to save, by careful 
surgical treatment, bearing trees that are attacked by Clitocybe root rot, 
provided the disease be lo(*ated and treatment administered early. The 
extent to which the disease has attacked the root system can be determined 
only by removing sufficient soil from around and under the root crown to 
permit a thorough examination. This requires removing the soil in a basin 
with a radius of at least from 2 to 3 feet from the trunk, working carefully 
to avoid injuring living roots. Unless facilities are available for washing 
away the soil hydraulically it should first be removed from around the base 
of the tree with a trowel until the location of the lateral roots can be de¬ 
termined. One half of a post-hole digger makes an excellent implement 
to remove the soil from around the root crown under the lateral roots when 
they are too close together to use a shovel. 

Jf it is found practicable to treat the tree, all dead roots should be cut 
off flush with the root crown or living roots from which they branch, and 
removed in their entirety. Special effort should be made to remove any 
infected oak or other foreign roots that may be found under the trees being 
treated. All bark lesions that may occur at the base of the trunk or on the 
root crown, lateral roots, or taproot, in case the latter is not dead, should 
have the dead or infected bark cut out carefully back to healthy baik and 
down to sound wood, using a chisel and gouge with a mallet. The lateral 
roots should be inspected carefully for local lesions, particularly at their 
juncture with the root crown. All roots and chips of wood and bark excised 
should be removed and burned, because allowing such infected material 
to remain in the soil may lead to the redevelopment of the disease. A heavy 
paper placed under the exposed roots greatly facilitates the collection and 
removal of such material. All trees not worth treating should be dug out, 
and pains taken to remove and burn all roots. 

After the surgical treatment, the treated areas should be brushed 
clean of soil and the roots inspected for any lesions that may have been 
overlooked. All exposed wood surfaces should then be painted with a good, 
durable pruning-wound compound. After this has dried, the excavation 
may be filled partially or completely. If the tree is not banked to stimulate 
the development of new roots, it is a good idea to leave the root crown ex- 
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posed indefinitely for aeration and drying. The soil may be disinfected 
with 2 to 3 gallons of a strong Bordeaux or caustic soda-Bordeaux mixture 
(5-5-50) poured into the soil basin. If the tops of the treated trees have 
died back they should be dehorned iiroportionately. The location of the 
treated trees should be mapped and they should be inspected periodically. 

Frecpiently, the mere removal of the soil to expose the root crown and 
adjacent lateral roots to aeration and drying will prove very effective in 
checking the further development and sx)read of the disease on the attacked 
tree because the growth of the fungus is arrested by tlesiccation. Extensive 
surgical treatment of trees sometimes leads to decay of the exj)osed wood 
at the base of the trunk desxiitc the use of a jiruning-wound compound. 
The recovery of trees that have lost a considerable i)roportion of their root 
systems can be expedited greatly by banking or mounding the soil around 
the bases uj^ to a height of several inches above the upper limit of the 
partial girdle to stimulate the develoinncnt of new roots from the callus 
formation formed at the margin of the living bark. This little-known 
natural method of providing partially girdled trees or those deprived of 
many of their roots with new root systems (18) has i>roved of considerable 
value in (*itrus and other trees and shrubs that develop adventitious roots 
readily. Under favorable soil moisture conditions new roots start <levelop- 
ing in a few months and within a year or two should attain sufficient growth 
to contribute materially to the support of the trees and assist in their re¬ 
juvenation. 

The writer has secured very promising results from the surgi(*al treat¬ 
ment of 123 citrus trees attacked by Clitocybe root rot. Success is con¬ 
tingent upon careful treatment and aeration of the root crown. Treatment, 
of course, must be administered before the disease has progressed to such 
an extent that the trees begin to decline. A total of 77 trees in a number 
of groves at Lake Alfred were treated late in 1929 and early in 1930. 
With the exception of one that blew over shortly afterward, all have con¬ 
tinued to flourish and bear good croi)s of fruit. Thirty-six trees, including 
a considerable number that had begun to decline, were treated in a grove 
at Georgiana, Merritt Island. Of these, 20 were still living and in good 
condition in September, 1941; the others died and were removed at various 
times. Four old, seedling sweet orange trees, three of which were treated 
in 1931 and one in 1933 at Rockledge, and six grapefruit trees treated in 
1933 at Georgiana, have all continued to thrive and were bearing good 
crops in September, 1941. These results show that a single surgical treat¬ 
ment, without soil banking in conjunction, has proved extremely effective 
in controlling Clitocybe root rot and in adding a considerable number of 
years to the life of bearing trees attacked by it in practically all cases where 
the trees were not too far gone when treated. Similar beneficial results 
have been observed in a number of trees treated surgically according to 
the writer ^s recommendations by one grower at Highland City and another 
at Winter Haven. 
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DISCUSSION 

As was pointed out previously (11, 12), it has long been the custom in 
Florida to diagnose all decline and death of citrus trees in which the trouble 
was characterized by a basal girdling and death of the roots and sometimes 
accompanied by an exudation of gum from the bark, as foot rot (Phytoph- 
thora parasitica). This appears to have resulted largely from the great 
publicity formerly given this disease and its prevalence on seedling sweet 
orange trees and trees budded on this stock, which are highly susceptible to 
Phytophthora. Contrary to popular opinion, rough lemon stock has never 
proved particularly susceptible to foot rot. Much of the trouble that for¬ 
merly was assumed to be foot rot has been shown by these investigations to be 
due to Clitocybe root rot instead. This disease is especially prevalent on 
trees on rough lemon stock and it also occurs on seedling sweet orange trees. 
Thus, the recognition of Clitocybe root rot and its evaluation as an im¬ 
portant cause of tree loss in citrus groves in various parts of Florida enables 
us to properly diagnose this disease rather than to continue to arbitrarily 
assign to foot rot all diseases that girdle the trees. 

SUMMARY 

Mushroom root rot, caused by Clitocybe tahesccns (Scop, ex Fr.) Bres., 
is discussed and evaluated as a factor of tree loss in Florida citrus groves. 
Although not identified as occurring on citrus trees until 1929, it is evident 
that this disease was active in groves several years before but that it previ¬ 
ously was confused with foot rot, the secondary symptoms of which have a 
similar appearance. 

A record, based on a iireliminary survey, is presented of the known dis¬ 
tribution of Clitocybe root rot on citrus trees in various counties of the 
State, and of isolations made of the causal fungus. 

The symptoms of the disease are described in detail. Its attack usually 
is concentrated chiefly on the root crown and adjacent portions of the root 
system. Tt frequently results in the death of the taproot and a large pro¬ 
portion of the lateral roots, and sometimes causes a butt rot of the trunk 
before the top shows any appreciable evidence of decline. Many trees not 
even suspected of being attacked, but subsequently found to have their root 
systems invaded extensively, have been located solely by finding either fresh 
or dried clusters of the causal fungus fruiting at the bases. The xylostroma 
outgrowths frequently developing on attacked roots are described and 
their origin and anatomy discussed. 

Clitocybe root rot occurs with greatest frequency on well-drained, and 
often droughty, sandy land, especially in sections where oak and other hard¬ 
wood trees occurred prior to clearing. Roots of these trees attacked by the 
Clitocybe root-rot fungus have been found repeatedly under attacked citrus 
trees in groves ranging in age from 9 to 19 years. Infection in many cases 
results from the roots coming into contact with infected roots but the failure 
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to find foreign roots under trees in many cases suggests that infection may 
be initiated by some other means, presumably from the spores of the fungus. 

Most of the citrus trees found attacked by Clitocybe root rot have been 
on rough lemon, with some on everbearing lemon, stock. Both are very 
susceptible. Seedling sweet orange trees are also susceptible, while the little 
used grapefruit stock appears fairly resistant and the sour orange stock very 
resistant. Citrus trees in general appear to be much more resistant to 
this disease than many other woody plants. 

The treatment of attacked trees is discussed and marked success re¬ 
ported with surgical treatment, either alone or in conjunction with exposure 
of the root crowr.s to aeration and drying. The value of subsequently 
mounding the soil around the bases of treated trees to stimulate the develop¬ 
ment of new root systems is pointed out. 
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THE IDENTIFICATION AND CHARACTERIZATION OP A 
VIRUS CAUSING MOSAIC IN MERTENSTA VIRGINICA 


Inez Nie n o w i 

(Accepted for publicjition Septeinl)er 20, 1947) 

Jolmsou and Valleau in 1935 (10) reported a virus from Mertensia vir- 
ginica (L.) DC. which could be transferred to Turkish tobacco producing 
chlorotic and necrotic rings on old inoculated leaves and a mottle similar 
to cucumber mosaic on new leaves. In 1946 M. virginica plants with mosaic 
symptoms were found at Urbana, Illinois, ilf. virginica, the common blue¬ 
bell, is a perennial and widely distributed. This host, therefore, could serve 
as an important source of infection for susceptible plants. Since the cause 
of tin* disease appeared to be cucumber mosaic virus which infects several 
economic crops, the following group of studies was undertaken to identify 
and characterize the virus causing the Mertensia mosaic. 

SAP INOCULATION 

Inoculations were carried out with crude infectious juice from Nicotiana 
glutimosa L. and iV. tahacum L. (Turkish). Two to four young leaves of 
the plant w^ere dusted with carborundum of 600 mesh prior to being rubbed 
once with gauze pads saturated with infectious juice. Inoculated leaves 
were washed immediately to remove any toxic effects of the juice. For the 
iluantitative studies on the effect of heat, pH, and phosphate buffer on the 
virus, primary leaves of blackeye cowpea which gives local necrotic lesions 
Avere used. The right half was inoculated with the variant and the left half 
with the control. Ten half-leaves were used for each sample. For tests on 
aging of the virus, whole cowpea leaves were inoculated. Local lesions were 
counted four days after inoculation. 

INSECT INOCULATION 

Aphids^ were allowed to feed on caged Nicotiana glutinosa plants that 
were infected with Mertensia-mosaic virus. After seven days of feeding, 
the ajihids were transferred to two healthy N. glutinosa plants and one 
N, repanda and allowed to feed for seven more days. These plants were 
screened from other insects by means of a lamp chimney covered with cheese¬ 
cloth. Myzus persicae, after feeding on infected Nicotiana glutinosa plants, 
transmitted the virus to healthy N, glutinosa and N, repanda plants. These 

1 This paper represents part of a thesis submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy, University of Illinois, Published 
with the approval of the Graduate School. 

The author’s present address: Department of Bacteriology, University of Arizona, 
Tucson, Arizona. 

Acknowledgment is given to Dr. H. H. Thornberry, Department of Horticulture, for 
supervision of the-research. 

2 Identified as Myztis persicae Sulzer by Dr. Herbert H. Ross of the Illinois Natural 
Ilis4.ory Survey Division, Urbana, Illinois. 
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developed symptoms of necrosis, chlorosis, and mottling typical for the virus 
on these plants. 

HEAT INACTIVATION 

One ml. of infectious crude juice from petunia plants was placed into 
3-inch serological tubes and stoppered with cotton. A control tube of 1 ml. 
of unheated infectious juice was prepared for each heated tube of juice. 
The tubes were placed in a steam-controlled agitated water bath and heated 
to the various desired temperatures. After a 10-minute period the tubes 
were quickly cooled by placing them in cold running water. All inoculating 
onto cowpea leaves was done at one time and within two hours after the juice 
was heated. The results from duplicated experiments (Table 1) indicate 
that the virus is inactivated somewhere between 65° C. and 70° C. for ten 
minutes, but that temperatures as low as 50® C. reduce infectivity. 

TABLE 1 .—Effect of heat on infectivity of Mertensia-mosaic virus in crude juice 


Tempernture 


Mean number of local lesions 
on a half-leaf of eowpea 


Standard deviation 


50° C. 1.90 2.308 

Control 7.40 4.710 

55° C. 0.45 0.203 

Control 8.80 6.982 

60° C. 0.55 0.780 

Control 8.10 5.996 

65° C. 0.05 0.020 

Control 10.70 7.736 

70° C. 0.00 . 

Control 9.40 8.192 

75° C. 0.00 .. . 

Control 6.70 3.471 


pH AND phosphate BUFFER 

Infected petunia plants were ground and the juice squeezed through four 
thicknesses of cheesecloth. This juice was adjusted to pH 5.5, 6.0, 7.5, 8.0, 
8.5, 9.0 using KH 2 PO 4 or K2HPO4 and 0.1 N NaOH so that the final salt con¬ 
centrations were 0.1 M. phosphate. One ml. of juice was added to 9 ml. of 
buffer so that all data represent a 1-10 dilution of the infectious juice. In¬ 
oculations were completed within 1 hour following pH adjustments at room 
temperature. Concentrations of H-ions and of phosphate buffer salts influ¬ 
ence the infectivity of tobacco-mosaic virus (16). Since 0.1 M. salt concen¬ 
tration was optimal (16), only this concentration of the buffers was used. 
Prom the results in table 2, it is apparent that 0.1 M. phosphate buffers 
increase the infectivity of the virus and that pH 6.5 is the most desirable pH 
for inoculation of the virus onto cowpea leaves. 

AQINO 

Two mj. of infectious juice were placed into 3-inch serological tubes and 
kept at room temperature of 25®-28® C. for 1, 2 , 4, 8 , 12, or 48 hours prior 
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TABLE 2.— Effect of pH and 0.1 M. phosphate buffers on production of local lesions 
on cowpea leaves by Mertensia-mosaic virus 


pH 

Mean number of local lesions 
on a half-leaf of cowpea 

Standard deviation 

5.6 

5.3 

3.234 

Control (6.7) 

2.3 

1.421 

6.0 

6.5 

5.788 

Control 

1.7 

1.519 

6.5 

18.2 

12.569 

Control 

2.0 

2.024 

7.0 

7.9 

8.026 

Control 

2.1 

2.121 

7.5 

2.2 

1.772 

Control 

1.2 

0.242 

8.0 

3.9 

6.074 

Control 

1.6 

2.061 

8.5 

1.3 

2.439 

Control 

1.9 

2.737 

9.0 

3.4 

" 2.505 

Control 

2.7 

3.142 


to being inoculated onto the cowpea leaves. In order to evaluate the time 
in which it was possible to maintain optimal infectivity, the effect of aging 
of the virus in expressed juice was determined. The results in table 3 indi¬ 
cate that the host plant may influence the length of time infectious juice 
retains its infectivity; they also show the need for working \^ith the virus 
as quickly as possible to avoid infectivity changes due to aging. 

SEROLOGICAL AND CROSS PROTECTION STUDIES 

In this study crude infectious juice of the petunia plant which had a 
consistently high concentration of virus was used as a source of antigen for 
eight intraperitoneal inoculations of 5 mb, each into the rabbit. Antiserum 
was obtained by the usual procedures. In setting up titers for flocculation 
tests, the antigen rather than the antiserum was diluted. Tubes were incu¬ 
bated for two hours at 37° C. in a water bath, and then kept overnight in the 
refrigerator. Initial readings were taken after incubation and final read¬ 
ings after refrigeration. The possibilities of serological studies as a means 
for plant virus identification has been demonstrated by Beale (2), Birkeland 
(3), Chester (4, 5, 6, 7), Gratia (8, 9), and Purdy (14, 15). Titers were 


TABLE 3.— Effect of aging at C. upon the infectivity of Mertensia-mosaic virus 
in crude juice 


Source of virus 


Total number of local lesions on four 
loaves, time in hours 

cowpea 


0 

1 

2 

4 

8 

12 

24 

48 

Leaves, stems of petunia. 

. 17 

35 

31 

14 

7 

6 

0 

0 

Leaves of Nicotiana sylvestris . 

. 56 

32 

4 

7 

0 

0 

0 

0 

Leaves of N. tabacum (Turkish) . 

. 63 

6 

5 

1 

0 

0 

0 

0 

leaves of N, tabacum (Burley) . 

. 17 

52 

19 

23 

7 


7 

0 









1948] 


NiiiNOW: Mertensia Mosaic Virus 


65 


demonstrated against the Mertensia virus in tobacco, petunia, and cucumber 
as well as against Cnciimis virus'^^ in tobacco. In this study titers were ob¬ 
tained with absorbed antiserum of 1-128 witli Ciicumis virus in Nicotiana 
glutinosa, 1-64 with Mertensia mosaic virus in petunia, 1-32 with Mertensia- 
mosaic virus in cucumber. The higher titers with the Cucumis virus in 
tobacco were probably caused by a higher concentration of virus in the plant. 
That the virus occurring on M. virginica was cucumber mosaic virus W’as 
further substantiated by cross protection tests. Price (12, 13) has shown 
that zinnia leaves infected with a strain of cucumber-mosaic virus will not 
thereafter develop the necrotic lesions caused by strain 6 of cucumber-mosaic 



Fia. 1. Cross protection test with related strain of ciicuinhcr mosaic virus, using 
strain 6 as the indicator strain which gives local necrotic lesions on zinnia leaves when the 
loaves have not been previously infected with a cucumber-mosaic virus: A. Infected with 
Mertensia-mosaic virus followed by inoculation with strain 6 cucumber-mosaic virus. 
B. Infected only with strain 6 cucumber-mosaic virus. C. Infected with tobacco-mosaic 
virus followed by inoculation with strain 6 cucumber-mosaic virus. 

virus. Necrotic lesions \\dll develop on non-infected leaves or on leaves 
infected with viruses other than cucumber mosaic. 

When non-infected zinnia plants or zinnia plants infected with tobacco- 
mosaic virus were inoculated with strain 6 (indicator strain) of cucumber- 
mosaic virus,* both developed local necrotic lesions. Zinnia plants inocu¬ 
lated with Mertensia-mosaic virus and later with cucumber-mosaic virus 
strain 6 did not develop any necrotic lesions, but only showed the mosaic 

3 Obtained from Dr. S. P. Doolittle, U.8.D.A., Bureau of Plant Industry, Beltsville, 
Maryland. 

* Obtained from Dr. W. C. Price, University of Pittsburgh, Pittsburgh, Pa. 
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from the first inoculation of Mertensia-mosaic virus (Fig. 1, A), indicating 
this virus is a cucumber-mosaic virus. 


OVERWINTERING OF VIRUS 

Diseased Mertensia plants growing in the field showed mosaic symptoms 

TABLE 4.— Summary of symptoms observed on various plants inoculated with 
Mertensia-mosaic virus and the results of inoculating cowpea with the juice from the 
respective plant species and varieties 


Species and variety of plant 
inoculated 


Production of 

Symptoms observed local lesions 

on cowpeas 


Antirrhinum majus L. 

Golden Queen 
Beta vulgaris L. 

Asj^row Wonder 
Early Wonder 
B, vulgaris var. cicla Moq. 

Spinach leaved 
Brassira oleracea 

var. caulorapa DC. 

Early white Vienna 
B, rapa L. 

Early Purple Globe 
Calendula oficinalis L. 

Masterpiece 
Cucumis sativus L. 

Cubit 

Straight Eight 
Datura stramonium L. 

Dtlphinium ajacis L. 

Base Branching 
Lactuca sativa L. 

Black Seeded Simpson 
Lycopersicon esculentum Mill. 
Prichard 
Stokesdale 

Mertensia virginica DC. 
Nicotiana glutinosa L. 

V. repanda Willd. 

N. sylvestris Speg. and Comes, 

N. tabacum L. 

Burley, Ky.-16 
Burley, White 
Crittenden 
Turkish 

Petunia hybrida 
Dwarf Hybrid 
Phaseolus vulgaris L. 

Burpee ^s Stringless Green Pod 
Early Golden Cluster 
Bed Kidney 
Tendergrecn 

Jtumex occidentalis 0. Wats. 
Spinacia oleracea L. 

Bloomsdale Savoy 
Tagetes patiila L. (Hybrid) 
French Marigold 
Vigna sinensis Endl.. 

California Blackeye 
Blackeye 

Zinnia elegans Jacq. 


Distortion, stunting, early flowers 

Questionable 

Do 


Systemic mottling, necrosis 


No symptoms 

No symptoms 

Systemic mottling 

Systemic mottling 
Do 

Chlorotic spots on inoculated leaves, 
systemic mottling later 

Stunting, fern leaves, deformed flowers 

No symptoms 

Fern leaves, mottling 
Do 

Systemic mottling 

Necrosis, stunting, systemic mottling 
Do 
Do 


Do 

Do 

Do 

Do 


Systemic mottling 

No symptoms 
Do 
Do 
Do 
Do 


Necrosis, stunting 

Necrosis of stem and petiole 

Primary necrotic lesions 
Do 

Mottling, distortion 


+ 


+ 


+ 

+ 

+ 


+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 
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the following spring. This indicated that the virus persisted in the peren¬ 
nial-tissues of the plant during the winter months and appeared, subse¬ 
quently, in the above ground tissues where the virus became subject to spread 
by feeding insects to additional plants. 

symptoms produced by mertensia mosaic virus 

As one means of identification, the virus was inocuilated into a wide range 
of plants in order to compare the symptoms produced with symptoms of 
other viruses in these hosts. The results are summarized in table 4. 

inclusion bodies 

Epidermis from infected leaves, stems, and petioles was stripped from 
infected Nicotiana tahacum (Turkish) and N. glntinosa and stained for plant’ 
virus inclusion bodies according to the methods used by McWhorter (11) 
with modifications suggested by him.® No inclusion bodies were found, 
which suggested that the virus is one that does not produce inclusion bodies. 
According to Bawden (1), cucumber viruses 1, 3, 4, and the viruses of potato 
leaf roll, potato paracrinkle, tomato spotted wilt, and tomato big bud do not 
produce intra-cellular inclusions. 

seed transmission 

Seeds obtained from infected Nicotiana glntinosa, N. repanda, and N, 
tahacum (Turkish) were sown and the seedlings examined for evidence 
whether the virus was seed transmitted. Among approximately 100-150 
seedlings of each of the three kinds of tobacco, no diseased plants developed. 

DISCUSSION 

In the early studies, during September through December, 1946, it was 
difficult to transmit Mertensia-mosaic virus to plants of any variety or spe¬ 
cies because the temperature of the greenhouse fluctuated from 60° to 75° 
F. When the plants were moved to a greenhouse in which the temperature 
was maintained at 70°-74° F., symptoms of infection readily appeared on a 
wide range of hosts. It was noted that the virus affected the flowers of all 
plants which became infected .* the flower buds failed to mature, fell off, or 
produced flowers that were small and distorted. The concentration of virus 
in plants, tested by the number of local lesions produced on primary leaves 
of the cowpea, varied considerably, e.g,, it was low in snapdragon and cal¬ 
endula, but high in petunia and some varieties of tobacco. Young plants 
are preferable for such studies since old plants often showed marked effects 
of disease yet virus concentration was not proportionately high. 

Before conducting any quantitative studies, infectious plant juice was 
tested for concentration by inoculation onto cowpea leaves in order to give 
some assurance of sufficient local lesions to make such studies valid. It was 
apparent from the results that the Mertensia-mosaic virus rapidly lost its 

5 Personal communication dated February 14, 1947. 
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infectivity upon aging and that the ability to withstand aging varied with 
the host plant, the age of the plant, and possibly other undetermined fac¬ 
tors. The Mertensia-mosaic virus was rather sensitive to pH changes, and 
best infections were obtained between pH 6.5 and 7.0. This pH was about 
that of the petunia plant but whether this was a factor in the production of 
high concentration of virus in this plant is conjecture. 

Phosphate buffers at 0.1 M. concentration increased the number of local 
lesions produced. The phosphate buffer may have released more virus from 
particulate material of the crude juice, or dispersed virus aggregates by 
increasing the solubility, or have affected the cells of the plant tissue in such 
a manner that infection was increased. 

Since the Mertensia-mosaic virus was readily adsorbed, amenable to 
aging, and destroyed by freeziilg, it was not practical to filter or freeze the 
antigen before injection. Crude, freshly extracted plant material injected 
immediately gave the best results. It is advisable to determine relative 
amounts of virus in antigenic mateidal that is to be used for injection into 
animals, since this gives assurance of an antiserum of high titer. 

SUMMARY 

1. The virus causing mosaic in Mertensia virginica (L.)DC. was identified 
by serological tests, (*ross protection tests, host range, and insect trans¬ 
mission as Cucumis virus I Smith. 

2. The virus was transmissible to a large number of x^lants and x)roduced 
a vari(*ty of symptoms dependent on Ihe host plant. 

3. The virus was inactivated between 65° and 70° C. for ten minutes. 

4. Infectivity of the virus was increased by 0.1 M. phosphate buffer. 

5. The most desirable H-ion concentration for inoculation on cowpea leaves 
was pH 6.5. 

6. It was expedient to work with the virus within a two-hour period to 
eliminate the decrease in infectivity due to aging. 

7. The virus was not transmitted by seeds of infected Nicotiana repanda, 
N, glutinosa Jj., N. tahacum L. (Turkish). 

8. The virus was transmitted by Myzus pcrsicae Sulzer. 

9. Mertensia virginica (L.)DC. is a new host for Cucumis virus I and an 
important virus reservoir since it is a perennial and the virus persists 
in the host. 

University op Illinois, 

Urbana, Illinois. 
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PEODUCTION OF ANTIBIOTIC SUBSTANCES BY PUS ARIA’' * 

Diego A. Texeras 
(Accepted for publication September 24, 1947) 

HISTORICAL AND INTRODUCTORY WORK 

The observation that molds of the genus Fusariiim are able to excrete 
into artificial substrates metabolic products toxic to other microorganisms 
dates back to 1924 when Boyle and Pratt (4, 14) performed their classical 
studies on staling of Fusarium cultures. 

In the field of plant pathology the antagonistic properties of fusaria 
have been investigated from two main angles: studies on toxic excretory 
substances capable of producing wilts in plants (6, 8, 13, 16, 24) and obser¬ 
vations about their antifungal power (15, 23, 26). None of these studies 
was concerned with the isolation of true antibiotics of possible use in 
chemotherapy. 

In 1937 Ashley, Raistrick, and their coworkers (3) isolated two quinone 
pigments, rubrofusarin and aurofusarin, and one non-pigmented substance, 
culmorin, from pure cultures of Fusarium culmorum. As far as we know, 
these substances have never been studied from the standpoint of antibiotics. 

Still another pigment isolated from a species of Fusarium is javanicin, 
recently announced by Arnstein, et al. (1, 2), from F. javankum. Unlike 
rubrofusarin and the others, the antibiotic properties of this substane(» have 
been thoroughly investigated. 

Aside from this work, there have been in the past few years occasional 
reports concerning the ability of fusaria to inhibit the growth of other micro¬ 
organisms, particularly bacteria (5, 7, 20, 25), but most of these observations 
have consisted of brief references incidental to extensive surveys in which the 
antibacterial effect of hundreds of fungal cultures was examined. 

The present study is concerned with the isolation of two antibiotic sub¬ 
stances from Fusarium hyperoxysporum Woll., their mode of formation, 
and their properties. 

COMPARISON OF SAPROPHYTIC AND PLANT PATHOGENIC FUSARIA^ 

FOR BACTERIOSTATIC ACTIVITY 

The introductory phase of the investigation consisted in the isolation of 
eighteen Fusarium strains from soil and composts and the examination of 
their bacteriostatic activity in different liquid culture media after pre¬ 
liminary screening by means of the cross-streak test (19). The artificial 
substrates compared were: 

1 Journal Series paper of the New Jersey Agrieultural Experiment Station, Depart¬ 
ment of Microbiology, Rutgers University. 

2 The author is grateful to Dr. Selman A. Waksman for suggesting the problem and 
for his valuable criticism during the progress of the work. 

■3 Present address: Institute Experimental de Agricultura, Caracas, Venezuela, 
i 4 The author is indebted to Dr. C. M. Haenseler, of the Plant Pathology Department, 
for the cultures of the plant pathogenic fusaria used in this work. 
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1. Glucose-peptone. 

2. Glucose-asparagine (Krainsky’s). 

3. Glucose-nitrate (Czapek-Dox). 

4. Glucose-nitrate with 0.5 per cent corn steep liquor. 

5. Sucrose-nitrate (brown sugar medium). 

The culture media were dispensed in 50-ml. volumes in Erlenmeyer flasks 
of 250-ml. capacity, neutralized, and sterilized at 10 lb. steam pressure dur¬ 
ing one-half hour. Inoculation was made with one-ml. portions of spore 
suspensions prepared from one-week-old slants of the strains reared in glu¬ 
cose-peptone agar. Incubation followed at 28° C. for two weeks and the 

TABLE 1 .—Anhbiotia activity of saprophytic and plant pathogenic strains of 
Fusarivm grown in glvcose-nitrate medium 


Dilution units per 1.0 ml. at 14 days of incubation 
Metabolic solution" Mycelium^ 


strain 

hq 

S. aureus 

3 

rO 

00 

O 

o 

? 

Pq 

E. coli 

S, aureus 

B. suhtilis 

OO 

1 

§ 

PQ 

Fusarium sp. 21 . 

< 5 

< 5 

90 

90 

< 30 

400 

1,000 

2,000 

Fusarium sp. 25 . 

<5 

< 5 

80 

150 

< 30 

125 

450 

450 

Fusarium sp. 26 . 

<5 

<5 

50 

150 

< 30 

125 

1,250 

1,250 

Fusarium sp. 30 . 

<5 

<5 

50 

50 

< 30 

400 

1,250 

1.250 

Fusarium sp. 31 

<5 

<5 

500 

500 

< 30 

250 

1,250 

1,250 

Fusarium sp. 32 

< 0 

< 5 


< .5 

< 30 

< 30 

< 30 

30 

Fusarium sp. 37 

<5 

<5 

<5 

<5 

< 30 

30 

50 

100 

Fusarium sp. 

(from asparagus) . 

<5 

<5 

200 

200 

< 30 

50 

200 

o 

o 

az 

F. hulhigena 

(from tomato) . 

<5 

<5 

80 

90 

< 30 

50 

150 

250 

F. apii (from celery) . 

<5 

<5 

<5 

<5 

< 30 

30 

50 

50 

F, hyperoxysporum 
(from sweet potato) ... 

<5 

150 

600 

1,000 

< 30 

500 

1,000 

2,500 


« Final pH of all cultures: 6.6-6.8. 

b Each pellicle was extracted with 50 ml. of 95 per cent ethyl alcohol. 

tests for antibiotic activity were performed at one and at two weeks of age 
on both the culture filtrates and'the mycelium. This consisted in draining 
the pellicles and extracting them in 50 ml. of 95 per cent ethyl alcohol over¬ 
night; the antibiotic tests were performed next day on the filtered alcoholic 
extracts. Previous experience had shown that methyl alcohol and acetone 
were as effective as ethyl alcohol for the extraction of the antagonistic agent 
from the mycelium. The antibiotic activity was determined by means of 
the agar dilution method (21) and the figures express dilution units per 1.0 
ml. of test material. Since little or no difference in antibiotic activity was 
observed between the one- and two-week-old cultures, only one set of figures 
is given. 

By experiment it was determined that 0.33 ml. of alcohol is the largest 
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amount of this solvent which will allow normal growth of the test organisms j 
therefore the 30 dilution units was the lowest level of activity detectable for 
the mycelial extracts. 

This experiment yielded the following information: 

(1) Of the 18 soil isolates tested, 6 were capable of producing a bac¬ 
teriostatic principle and this was more pronounced in the glucose-nitrate 
medium withoiit reinforcements; the addition of 0.5 per cent corn steep 
liquor completely suppressed the formation of the substance. Glucose- 
asparagine and glucose-peptone media produced very low antibacterial 
activity. 

(2) The antibiotic substance was more abundant in the mycelium than 
in the metabolic solution, which shows that it is produced intracellularly and 
excreted in varying degree into the substrate. 

(3) The antagonistic principle was active against the Gram-positive but 
not against the Gram-negative test organisms used. The usefulness of 


TABLE 2.— Vegetative degeneration and shift in hacteriostatic spectrum of Fusa- 
rium hyperoxysporum in glucose-nitrate medium 


Age in 
days 

Mg. residual 
sugar 
per ml. 

pH 

Dilution units per ml. of culture filtrate 

S, aureus 

B. suhtilts 

B. myooidcs 

B. coli 

0 

38.81 

6.7 




. 

3 

32.56 

6.2 

<5 

<5 

<5 

<5 

5 

27.61 

5.9 

<5 

<5 

<6 

<5 

7 

22.82 

5.7 

10 

30 

30 

<5 

IQ 

20.15 

6.1 

30 

65 



13 

17.40 

6.0 

65 

100 

•65 

20 

17 

11.00 

7.1 

100 

300 

- 350 

30 

20 

5.35 

7.2 

100 

250 

250 

25 


glucose-nitrate medium for the production of antagonistic activity by the 
Fusarium strains having been determined, twenty-one new soil and manure 
isolates were tested against 4 plant pathogenic strains. The extremely high 
order of bacteriostatic activity of some of these isolates is shown in table 1. 

ANTAGONISTIC MODIFICATION OF ACTIVE STRAINS 

Upon transference of the experimental work to Louisville, Kentucky,® 
the active saprophytic and plant pathogenic fusaria suffered three important 
modifications, namely: 

(1) Marked loss of vegetative vigor. 

(2) Shift in bacteriostatic spectrum demonstrable by the fact that Gram¬ 
negative organisms began to be inhibited in addition to the Gram-positives. 

(3) Eventual loss of the antagonistic power. 

Table 2 illustrates the new behavior of Fusarium hyperoxysporum before 
its bacteriostatic ability was completely lost. The loss of vigor was evident 
by the slow growth made and by the fact that thick and convoluted pellicles 

8 Acknowledgment is made of the facilities accorded by the firm of Joseph E. Sea¬ 
gram & Sons of Louisville, Ky., during part of this work. 
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were no longer formed. Besides these visible characters, the cultures failed 
to utilize the sugar completely and the residual pH of the medium did not 
rise. The alcoholic extracts of the scant mycelium obtained showed very 
low antagonistic activity. 

VEGETATIVE REACTIVATION OF STRAINS 

It was soon found that the poor growth made by the strains was due to 
an insufficiency of zinc in the tap water. It is well to recall in this connec¬ 
tion that the formula of the glucose-nitrate (Czapek-Dox) medium calls for 
10 p.p.m. ferrous sulphate but for no added zinc. When this element was 
added in Louisville in the proportion of 10 mg. of zinc sulphate per liter of 
medium, vigorous growth resulted in one week, the sugar was completely 
and rapidly utilized, and the pH of the metabolic solution rose to 8.5 or 
more. Where zinc was added the resulting pellicles were thicker, raised, 
and wrinkled, while the remaining treatments produced thinner and lighter 
pads with no convolutions. 

This restoration of vegetative vigor was not accompanied, however, by 
the expected recovery of the antagonistic power. The beneficial effect of 
zinc on growth is in line with the findings of other investigators (9, 10, 11, 
17) for molds of the genera Uhizopns, AspergilhiSy and PenicilUum, 

ANTAGONISTIC REACTIVATION OF FUSARITJM HYPEROXYSPORUM. 

TWO-MEMBERED CULTIVATION WITH BACTERIA 
AND SPORE SELECTION 

It has been shown elsewhere (22) that the enrichment of normal soils 
with live and washed Escherichia coU cells brings about a decided stimula¬ 
tion in the number of fusaria in the soil, and it is well to mention that ad¬ 
vantage was taken of this phenomenon for the isolation of saprophytic strains 
in the preliminary phase of the present work. None of the isolates, how¬ 
ever, had been able to inhibit the growth of E. coli, although this bacterial 
species was inhibited later and for the first time in Louisville by a plant 
pathogenic Fusarium, In both cases, nevertheless, antagonistic capacity 
was eventually lost. 

In an attempt to study in more detail this stimulative effect of bacterial 
enrichment upon fusaria and its possible role upon their antagonistic be¬ 
havior, two-membered cultures of Fusarium hyperoxysporum with Escher- 
ichia coli and with Bacillus mycoides were prepared in sterilized soil accom¬ 
panied by a pure culture of the fungus in soil alone. The cultures were 
incubated at 28° C. and kept moist by periodic irrigations with sterile water. 
Microscopic examination and periodic platings into glucose-peptone and 
nutrient agar showed that the organisms had been firmly established in the 
soil mass. Constant watch was maintained on their purity. 

After one month of incubation a series of platings was made from the 
pure and the two-membered cultures on acidified glucose-nitrate agar, and 
individual colonies were transferred into duplicate slants of the same 
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medium. Parallel platings were made from the regular stock culture, 
which, when propagated directly by means of mass transfer, consistently 
yielded growth with very little or with no antagonistic capacity. This 
stock culture had been maintained in soil-extract agar (12) because it had 
been previously found that this substrate produced growth with more raised 
mycelium. Five colonies from each substrate were propagated using one 
member of each duplicate. 

The propagation was made by the usual technique of suspending the 
growth from the agar slants in a small volume of sterile water or saline, and 
inoculating one ml. of the suspensions in duplicate into 50-ml. volumes of 
glucose-nitrate broth of pH 7. This time the medium was reinforced with 
10 p.p.m. of zinc sulphate to ensure vigorous growth. The 40 cultures were 
incubated at 28° C. and tested at 1 and at 2 weeks of age for antibiotic 
activity against Bacillus mycoides and Escherichia coli by the agar dilution 
method. One member of each pair was used each time and both the meta¬ 
bolic solutions and the alcoholic extracts of the mycelium were tested. Since 

TABLE 3 .—Antibiotic activity of colonies of Fusarium hyperoxysporum obtained by 
plating 2-membered and pure cultures from different substrates 


Substrate 


B. mycoides dilution units per ml. of alcoholic 
extract of mycelium^ 


Soil 

50 

< 30 

< 30 

< 30 

50 

Soil and E. coli 

300 

< 30 

050 

300 

< 30 

Soil and B. mycoides 

< 30 

< 30 

100 

< 30 

150 

Soil extract agar 

< 30 

400 

300 

300 

< 30 


■Each pellicle was produced in 50 ml. of medium in a 25()-ml. Erlenmeyer flask and 
was extracted with 50 ml. of 95 per cent ethyl alcohol. 

the antibiotic level of the solutions was almost negligible, only the results of 
the mycelial extracts are recorded in table 3. The antagonistic titer re¬ 
mained unchanged after the first week of incubation. No inhibition could 
be recorded against E. coli in any of the cultures. 

The most striking result of this experiment was the manifest ability of 
spores proceeding from the degenerated stock culture to produce antagonistic 
pellicles. This was certainly a very unexpected result in view of the con¬ 
secutive number of inactive and nearly inactive cultures previously obtained 
from it by mass transfer. 

In regard to the very important point of the influence of Escherichia coli 
upon the antagonistic behavior of the fungus, the results were negative. 
This agrees with the results obtained by Waksman and Schatz (22) with 
normal soil cultures in which the increased number of fusaria obtained by 
enrichment with E. coli failed to inhibit this Gram-negative organism al¬ 
though antagonizing considerably the Gram-positives. 

The spores previously harvested from the highest testing pellicle of table 
3 were plated out and 20 of the resulting colonies propagated and tested. 
The process was repeated twice more, the previously harvested spores of 
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the highest testing pellicle of each generation always being plated. The 
results of this work can be summarized thus: 

(1) No increase above the 650 Bacillus mycoides dilution units level 
was obtained. 

(2) Inactive pellicles were eliminated by selection. 

(3) The general level of activity was improved in the first two genera¬ 
tions but receded again in the third. 

(4) Not one culture inhibited Escherichia coli, 

EFFECT OF ZINC ON THE BACTERIOSTATIC SPECTRUM OP 
PUSARIUM HYPEROXYSPORUM 

It has been shown that when the antagonistic reactivation of the fungus 
was accomplished in Louisville through vegetative segregation, the anti¬ 
bacterial spectrum obtained conformed, not to the one observed there before 
the mold lost its activity, but to the original pattern of inhibition previously 
obtained in New Brunswick. Moreover, the fact that the reactivation had 
been registered in glucose-nitrate medium reinforced with zinc (in order to 
ensure vigorous growth) strongly suggested that perhaps the absence of this 
element might have been responsible for the shift in antibacterial spectrum 
already noted. 

This possibility was investigated upon resumption of the work in New 
Brunswick. The study consisted in observing again the antibacterial be¬ 
havior of Fusarium hyperoxysporum grown in glucose-nitrate medium with 
different levels of zinc and other metals and using a wider range of test 
bacteria. In order to refine the conditions, the water used for the prepara¬ 
tion of the medium was freed from trace elements by the Steinberg technique 
(18), which consists in thoroughly mixing the medium with 2.5 per cent 
calcium carbonate followed by heating under steam pressure and filtering. 
All glassware was rinsed with this purified water. The chemicals used in 
the preparation of the media were of Merck Reagent grade, except the glu¬ 
cose, for which commercial ‘^cerelose’’ was used. The basal medium con¬ 
sisted of the original Czapek-Dox formula, which includes 10 p.p.m. added 
ferrous sulphate but no zinc. 

It was possible to show that when antagonistically active cultures of 
Fusarium hyperoxysporum are grown in glucose-nitrate medium prepared 
with ordinary tap water or with purified distilled water reinforced with 
zinc, the antibiotic principle produced is active against Gram-positive bac¬ 
teria only. When the medium is prepared with distilled water purified by 
the Steinberg method, however, the antibiotic substance produced can in¬ 
hibit both the Gram-positive and the Gram-negative organisms. 

Likewise, under conditions of zinc deficiency, the active principle is 
readily excreted into the metabolic solution in contrast with the ordinary 
zinc-satisfied cultures in which the activity remains tied up in the mycelium. 
It was likewise observed that the zinc-deficient growth produced higher 
levels of activity in submerged cultivatiim obtained with a rotary shaking 
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machine. These cultures produced scant mycelium, failed to consume all 
the sugar, and their hydrogen ion concentration remained close to neutrality, 
which was precisely the behavior observed in Louisville before the medium 
was reinforced with zinc. Table 4 illustrates a typical experiment. Further 
information obtained in this study can be summarized thus: 

(1) The zinc effect takes place in the presence as well as in the absence 
of iron. 

(2) Manganese and copper do not exert the slightest effect on the be¬ 
havior of the fungus. 

(3) Individual spore isolates, although showing marked quantitative 
variability, behave in exactly the same way qualitatively toward the metal. 


TABLE 4.— Effect of zinc upon the hacteriostalic spectrum of Fiisarium hyperoxy- 
sporum 


Test bacteria 

Dilution units per ml. after 14 days of incubation 

Stationary cultiirc8“ 

Shaken culturesb 

Alcoholic extract of 
mycelium; medium with 

30 p. p. m. zinc 
sulphate added 

Metabolic solutions of 
zinc-free medium 

Bacillus mycoides 

500 

90 

B, suhtilis . 

500 

150 

Staphylococcus aureus 

200 

35 

Escherichia coli 

<30 

40 

Shigella paradysenteriae 

<30 

150 

Salmonella pullorum 

. < 50 

90 

Proteus vulgaris . 

. < 30 

50 


• Produced in 50 ml. of medium in 250-ml. Erlenmcyer flasks. 
Produced in 100 ml. of medium in 250-ml. Erlcnmeycr flasks. 


Because of their difference in antibacterial spectrum and in mode and 
characteristics of formation, the two antibiotic substances produced by 
Fusarium hypcroxysporum were regarded as distinct from one another and 
tentatively were designated as A and B. 

Thus fraction A stands for the substance produced in the presence of 
zinc, active mainly against the Gram-positive bacteria, and obtainable only 
from the mycelium of the fungus in its present level of antagonistic activity. 

Fraction B designates the substance produced in the absence of zinc, 
active against both Gram-positive and Gram-negative bacteria and obtain¬ 
able from the metabolic solution. 

EXTRACTION OP FRACTION A FROM MYCELIUM 

The fungus was cultivated in 10 liters of glucose-nitrate medium pre¬ 
pared with tap water and reinforced with 5 p.p.m. of zinc sulphate to ensure 
against any deficiency of this element. After two weeks’ incubation at 28° 
C. in stationary culture, the pellicles were separated from the medium, 
squeezed through cheesecloth, and extracted with three consecutive half- 
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liter volumes of 95 per cent ethyl alcohol for 24 hours each time, 
pooling and filtering, a volume of 1,675 ml. of a golden brown extract was 
obtained. 

Previous experience had demonstrated that this alcoholic extract would 
not yield any of its antibacterial activity to Norit A, a powdered charcoal 
adsorbent, when undiluted, but that, upon dilution with an equal volume 
of distilled water, more than 90 per cent of the activity could be adsorbed 
in 1 per cent Norit based on the final volume. The antibiotic test made on 
the final 3,350 ml. of dilute extract gave the following values in dilution 
units per ml.: 

Bacillua mycoides 750 Shigella paradysenteriae < 30 

Staphylococcus aureus 300 Salmonella pullorum < 50 

Escherichia coli < 30 Proteus vulgaris < 30 

The liquid was then treated with 1 per cent Norit A with mechanical 
stirring for one-half hour; the antibiotic test performed with the filtrate 
showed 25 dilution units for Bacillus mycoides and no detectable action for 
Staphylococcus aureus. 

Previous experience had shown that, once the active principle is adsorbed 
in the Norit, it cannot be eluted with neutral or acid alcohol but passes 
readily into alkaline alcohol prepared by mixing 11 parts of 95 per cent 
ethyl alcohol with 4 parts of distilled water alkalinized with 2 per cent NaOH 
based on the final volume. Because of this experience the Norit was eluted 
three times in succession with 2 per cent alkaline alcohol at room tempera¬ 
ture for two hours each time and with frequent shaking. Pooling of the 
eluates gave a volume of 845 ml. with a titer of 1,200 Bacillus mycoides dilu¬ 
tion units per ml. after neutralization with concentrated IICl. This is 
equivalent to 40 per cent recovery for this test organism. 

After concentration of the eluates to 200 ml. under diminished pressure, 
the resulting cloudy suspension was slowly added with constant stirring to 
2 liters of acetone, the salts were filtered off, and the acetone was removed by 
distillation. After it was ascertained that more than 90 per cent of the 
antibiotic activity was in the organic fraction, this was carefully collected, 
made up to 200 ml. with distilled water, and extracted twice with four 
volumes of diethyl ether with vigorous shaking. Evaporation of the ether 
layers produced 500 mg. of a brown, viscous residue with a pungent odor 
and which could not be dried under vacuum. The antibiotic spectrum ob¬ 
tained with the alcoholic solution of this crude preparation is given in table 
5. It can be seen that this spectrum bears no resemblance to the antibac¬ 
terial spectra of penicillin, chaetomin, or fumigacin (19). 

isolation of fraction b from metabolic solution 

Ten liters of glucose-nitrate medium were prepared with distilled water 
purified by the Steinberg technique already described and inoculated with 
spores of Fusarium hyperoxysporum. Because the incubation was done in 
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stationary culture the antibacterial titer of the metabolic solution remained 
very low even after 20 days at 28° C. The growth of the fungus was very 
poor in this zincless medium and the pH did not rise above 7.2 After sep¬ 
aration from the mycelium and filtration, 8.0 liters of metabolic residue were 
obtained. The antibiotic strength of this solution, measured in dilution 
units per ml. was as follows: 

Bacillus mycoides 25 Proteus vulgaris 5 

Escherichia coli 5 Shigella paradysenteriae 20 

The active filtrate was now treated with 80 grams of Darco activated 
carbon (grade G--60) by mixing at room temperature for one hour with 

TABLE 5 .—Antibiotic spectra of Fusarium fractions A and B 


Dilution units per 1.0 mg. dry 
weight of final alcoholic 

Test organism solution 


Fraction A Fraction B 


Staphylococcus aureus (ATCC 6538) 117 20 

Sarcina lutea No. 14 . ... 290 10 

Micrococcus lysodeikticus No. 19 . ... 190 20 

Bacillus cereus No. 8 . 784 40 

(ATCC 6633) . 686 40 

B.myeotdes (ATCC 6462) . 585 35 

B. megatherium No. 10 . 190 35 

B, circulans . 190 35 

Mycobacterium phlei No. 23 . 137 15 

M. tuberculosis var. hominis (ATCC 607) 30 • 5 

Escherichia coli No. 4 . < 10 ' 15 

Proteus vulgaris No. 73 30 15 

Proteus vulgaris No. 74 . 30 15 

Serratia marcescens (ATCC 989) <10 5 

Salmonella pullorum (PCI No. 904) . <10 35 

Shigella paradysenteriae (^ ‘ V ’ ’9380~ATCC).. .. < 10 35 

Aerobacter aerogenes No. 66. <10 <5 

Pseudomonas fluorescens No. 68. <10 <5 

Candida albicans No. 173. 15 15 

Trichophyton mentagrophytes No. 171 30 10 

Trichoderma sp. No. 102 . 15 < 5 

Fusarium hyperoxysporum Woll. .... <10 <5 


mechanical stirring. After overnight standing in the refrigerator the car¬ 
bon was filtered off and dried at 55° C. overnight followed by 24 hours at 
room temperature. The dried adsorbent was then treated with 400 ml. of 
diethyl ether for 24 hours followed by elution with 800 ml. of 95 per cent 
ethyl alcohol overnight at room temperature. This preliminary treatment 
with ether was adopted because previous experience had shown that it facili¬ 
tated the removal of the antagonistic substance by the alcohol. The alcohol 
eluate was then filtered and evaporated under diminished pressure to a very 
small volume followed by overnight drying at 55° C. in the dry oven. The 
complete evaporation of the alcohol and water resulted in a light brown and 
transparent brittle residue which was then redissolved in 50 ml. of warm 95 
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per cent alcohol. Treatment of this alcoholic concentrate with ten volumes 
of cold distilled water produced precipitation of a white crystalline fraction. 
Two more precipitations were obtained by evaporating the mother liquor 
under diminished pressure, redissolving the residue in alcohol, and treating 
again with water; 1.7 grams of dried crystalline preparation was obtained 
from 8 liters of metabolic solution. The antibiotic spectrum of this sub¬ 
stance is summarized in table 5; it bears some resemblance to the spectrum 
of penicillic acid (19). 

BEHAVIOR OF FRACTIONS A AND B ‘^IN VIVO’’® 

Toxicity and efficacy tests conducted with samples of the two substances 
showed that fraction A is nontoxic when administered subcutaneously in 
concentrations of 125 Staphylococcus aureus dilution units per mouse. At 
this concentration, however, it failed to protect the animals against infec¬ 
tion with S. aureus SM. This suggests inactivation or destruction of the 
substance in the animal organism. 

The in vivo work with fraction B was complicated by the low antibiotic 
potency of the crystalline preparation, which required the administration 
of 5.0 mg. per mouse in order to bring the antibiotic unitage to the minimum 
level necessary for the efficacy tests. This dose was found to be toxic in 
subcutaneous injection. The efficacy tests showed that when doses just 
below the toxic level were administered the substance failed to protect the 
experimental animals against SalmoneMa schottmiilleri. It might be pos¬ 
sible that further purification of this antibiotic can increase its potency to 
a point at which protection would be feasible with doses below the toxic level. 

summary 

When several saprophytic and plant pathogenic fusaria were propagated 
in simple synthetic media like glucose-nitrate (Czapek-Dox) broth, they 
readily produced antibiotic substances. This property was quickly lost, 
however, when the stock cultures were perpetuated by mass transfer but 
was regained through the propagation of individual spores. 

Further work with Fusarium hyperoxysporum demonstrated that the 
antagonistic potency of this organism against the Gram-positive bacteria 
could be enhanced to some degree by two-membered cultivation with Escher¬ 
ichia coli in sterile soil. This association, however, did not result in the 
inhibition of E, coli by the fungus. 

The qualitative antagonistic behavior of Fusarium hyperoxysporum was 
found to be governed by the quantity of zinc present in the culture medium. 
In the presence of this element the fungus produces an antibiotic active 
mainly against Gram-positive bacteria; in its absence both the Gram-positive 
and Gram-negative organisms are inhibited. 

Both antibiotic principles were isolated from mass cultures of Fu- 

« The author is indebted to Mr. Otto E. Graessle of the Merck Institute for Thera¬ 
peutic Research of Rahway, N. J., for this information. 
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sarium liyperoxysporum and designated tentatively as A and B. Further 
chemical work is needed to identify and characterize these substances. Frac¬ 
tion A proved to be non toxic to experimental animals but failed to convey 
protection against infection with Staphylococcus aureus 8M, Fraction B 
was toxic in doses of 5.0 mg. per mouse, and when administered in amounts 
below the toxic level it did not protect the animals against Salmonella 
ichoitmulleri. 

In its mode of formation and in antibacterial spectrum, fraction A is 
distinct from penicillin, chaetomin, and fumigaein, while fraction B bears 
some resemblance to penicillic acid. Further work is needed to elucidate 
the true nature of these active principles. 

New Jersey Agricultural Experiment Station, 

New Brunswick, New Jersey. 
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PHYTOPATHOLOOICAL NOTES 


Seed Treatment with Mercury Dusts Injurious to Corn with Mechanical 
Injuries Near Embryo. —Severe injury following seed treatment of corn 
with mercury dusts applied at normally safe dosages was observed in a field 
experiment at Madison, Wisconsin, in 1946. Semesan Jr. (1 per cent ethyl 
mercury phosphate), and Du Pont 1451-D (1.25 per cent ethyl mercury 
p-toluene sulfonanilide), the two mercury disinfectants included in the 
experiment with mechanically injured seed, both caused typical mercury 
injury to nearly all germinating seedlings. The kernels, which had been in¬ 
jured by rupturing the pericarp with a scalpel along the edges of the em¬ 
bryo, were treated on April 13 and planted in the field on May 28. The 
treated seeds were kept in paper packets in the laboratory, at room tem¬ 
peratures, during the 46-day storage period. 

Seeds similarly injured but planted the day they were dusted (April 
13) resulted in no mercury damage and responded favorably to the seed 
treatments with large increases in stands of healthy seedlings over those 
of the untreated controls. Likewise, seed that had been subjected to crown 
and tip-cap injuries showed no evidence of mercury injury in either the 
April or May plantings. 

Proof that the mercury injury resulted from storage of the treated seed 
for an appreciable period before planting, rather than from differences in 
soil environment when the April and May plantings were made, was estab- 
lisHed in a subsequent greenhouse experiment. Seed from a mixture of 
several commercial hybrids was subjected to pericarp injuries as described 
above and then divided into two lots. One lot was treated with Semesan Jr. 
immediately after the kernels were injured, and the other 76 days later when 
both lots were planted in a greenhouse bench, in twelve 25-kcrnel replica¬ 
tions. Nearly every seedling from the seed stored for 76 days before plant¬ 
ing developed the stunted and swollen condition typical of mercury injury 
in contrast with normal seedlings from the seed treated at the time it was 
planted (Fig. 1). The time of storage required before mercury injury de¬ 
velops in seed having pericarp injuries near the embryo obviously was not 
determined in these experiments. 

The information obtained probably is of no great practical importance 
but it discloses a fault of mercury dusts not m'entioned heretofore in the 
literature on corn seed treatment.—^P. E. Hoppe, Division of Cereal Crops 
and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineer¬ 
ing, Agricultural Research Administration, U. S. Department of Agricul¬ 
ture, and the Wisconsin Agricultural Experiment Station. 

Sclerotium delphinii Welch on Scilla.^ —A disease of scilla {Scilla sibi- 
rica) was observed early in May, 1940, in a commercial planting located 

1 Published as Scientific Paper No. 718, College of Agriculture and Agricultural Ex- 
>'|lpriment Stations, Institute of Agricultural Sciences, State College of Washington, Pullman. 
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riG. 1. A. Corn seedlings showing the range of mercury injury (stunting and swol¬ 
len tissues) resulting from Semesan Jr. treatment of wounded seed stored 76 days before 
planting; B. Normal seedlings fioni the same lot of wounded seed plant.^d the day it 
was dusted. 
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near Tacoma, Washington. The greater part of the planting (Pig. 1, a) 
was completely destroyed by the disease, and upon lifting the bulbs, over 
90 per cent of the remaining plants were found to be infected. 

Symptoms on the above-ground parts were (1) the yellowing and dry¬ 
ing up of the leaves, beginning at the tips, and (2) wilting of the blossoms, 
with the flower stalks remaining erect until the fungus had advanced well 
above the ground-level. 



Fio. 1. a. Scilla planting showing destruction of plants by Sclerotium delphinii. 
b. Diseased plant showing mycelial strands on the surface of the soil. c. Plate culture of 
Sclerotium delphinii, d. Scilla bulbs showing various degrees of decay caused by 
Sclerotium delphinii. 

Infection apparently started on the bulbs with the fungus advancing 
from them into the above-ground parts of the plant. Compact strands of 
mycelium spread over the surface of the soil from the decayed leaves and 
flower stalks (Pig. 1, b). In the badly infected areas of the beds, fragments 
of decayed leaves, covered with compact mats of mycelial growth, were 
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present on the surface of the soil. Reddish-brown to dark brown sclerotia 
were scattered on the surface and in the soil in the area immediately sur¬ 
rounding the diseased plants. 

Infections on the bulbs ranged from small, slightly depressed darkened 
areas to complete decay. Small dark reddish-brown sclerotia were found 
in the decayed tissue of the bulbs. 

Platings were made on potato-dextrose agar from bulbs showing various 
stages of infection, from the mycelial mats and strands on the surface of 
the soil, from sclerotia in the soil, and from infected leaves and flower stalks. 
White nonsporulating mycelial colonies producing reddish-brown sclerotia 
in 10 to 14 days (Pig. 1, c) developed from the plantings. 

A giant oat-cuKure of the fungus was mixed with sterilized silt soil in 
a greenhouse bench and 24 apparently healthy bulbs were planted 6 inches 
apart in the inoculated soil. Plants from 6 bulbs emerged from the soil, 
only one of which survived to produce a flower stalk. The remaining 18 
bulbs decayed before plant emergence. The same fungus was recovered 
from all of the infected bulbs. Bulbs planted in nori-inoculated sterilized 
soil developed normally, free from the disease. 

One-hundred apparently healthy bulbs were planted in inoculated soil 
in the field. Pour plants failed to emerge from the soil. Examination of 
these bulbs showed that the bulbs started to decay before the root systems 
became established. Twenty-two per cent of the plants reached full bloom. 
Examination of the bulbs five months later revealed lesions varying from 
1/16 of an inch in diameter to complete decay of the bulb (Pig. 1, d). Five 
bulbs showed no apparent infection. 

Cultures and partially decayed bulbs were sent to Dr. Donald M. Coe, 
formerly of the Department of Plant Pathology, State College of Washing¬ 
ton, Pullman, Washington, who identified the causal organism as Sclerotium 
delphinii Welch. He stated that the sclerotia of the causal fungus varied 
only slightly as to size and color from the cultures isolated from Delphinium. 
However, '‘it is possible that this may be an additional strain of the fun¬ 
gus.’’^— Glenn A. Huber and C. J. Gould, Western Washington Experi¬ 
ment Station, Puyallup, Washington. 

Antagonistic Activity of a Species of Actinomyces against Ceratostomella 
ulmi in vitro? —Increasing knowledge of antibiotics during recent years and 
recognition of their proved therapeulft value in combating human diseases 
have stimulated interest in the use of these products for control of plant 
diseases. Lack of adequate preventive or curative measures for the Dutch 
elm disease warrants investigation of such materials. This report describes 

2 Quotation from correspondence with Dr. Coe. 

1 Paper of the Journal Series, New Jersey Agricultural Experiment Station, Rutgers 
University, Department of Plant Pathology.. 

The author wishes to acknowledge the assistance of the Bartlett Tree Expert Com¬ 
pany, Stamford, Conn., who helped finance this work, and of Dr. P. P. Pirone, under 
whose guidance the work was done. 
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the antagonistic effect of a species of Actinomyces on Ccratostomella ulmi, 
the causal fungus of the disease. 

Working with a strain of Ceratostomella ulmi, Waksraan and Bugie^ 
reported in 1943 that the antibiotics actinomycin and clavacin exhibited high 
activity in laboratory tests against this fungus. 

Preliminary tests have indicated that the species of Actinomyces used 
in the present work is distinctly different from A. antibioticus, the source 
of the antibiotic actinomycin. The isolate was originally obtained from 
C. M. Haenseler who observed it as a contaminant on agar plates. 

The isolate of Ceratostomella ulmi used in these tests is known as a 



Pig. 1. Antagonistic effect of a species of Actinomyces on Ceratostomella ulmi. 
Plates Lr-457 and L-458: both organisms streaked the same day. Plate Lr-459: C. ulmi 
streaked 3 days after the Actinomyces streak. 


black line strain*’ and was supplied by the Department of Plant Pathol¬ 
ogy, Cornell University, under the label, Tyler No. T114a 2aR. It is one 
of the most virulent strains of the Dutch elm disease fungus thus far iso¬ 
lated from infected trees. Its virulence was tested on 10 healthy trees in 
May, 1946 before the in vitro tests were started. Typical symptoms of. the 
disease appeared on all trees in 8 to 14 days. The organism was recovered 
in all cases at some distance from the point of inoculation. 

Two in vitro methods, the agar streak^ and the two-point inoculation, 
were used to test the antagonistic action of the Actinomyces sp. to Cerato¬ 
stomella ulmi. 

2 Waksman, 8. A., and E. Bugie. Action of antibiotic substances upon Ceratostomella 
ulmi. Proc. Soc. Exp. Biol, and Med. 64; 79-82. 1943. 

8 Waksman, 8. A., and H. C. Reilly. Agar-streak method for assaying antibiotic sub¬ 
stances. Ind. and Eng. Chem. 17: 556. 1945. 
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In the first method, a long streak of the Actinomyces sp. was made across 
the diameter of a Petri plate containing potato-dextrose agar. Four short 
streaks (two on each side and at right angles to the long streak) were made 
with the Ceratastomella ulmi. In some plates all streaks were made on the 
same day; in others, the C. ulmi was streaked 1 to 3 days after the Actino¬ 
myces, 

The second method involved the planting of each organism at opposite 
sides of a poured plate to allow the organisms to grow toward each other. 
An advantage of this method is that both organisms can be started simul¬ 
taneously yet sufficient time is provided for the Actinomyces sp. to produce 
its antagonistic substance. 

All plates were incubated at 23° to 25° C. and examined periodically. 

When the streaks of both organisms were made on the same day, distinct 
inhibition of Ceratostomelld ulmi by the Actinomyces sp. was evident 1 to 2 
days following its streaking. C. ulmi did not grow within 20 to 24 mm. of 
the Actinomyces (Fig. 1, Ij-459). 

When the two organisms were planted at opposite sides of the plate, 
the first indication of the antagonism was observed within 6 days (Fig. 1, 
L-457). That the inhibitory action began early is indicated by the flatten¬ 
ing of the Ceratostomelld ulmi growth rings, which normally are circular. 
The zone of inhibition between the Actinomyces sp. and C. ulmi measured 
more than 20 mm., and in some cases more than 25 mm. The strong inhibi¬ 
tory activity against C. ulmi was retained for 2 months, by which time the 
medium had dried completely. 

The results herein reported both for the streak method and the two-point 
inoculation method have been repeated more than 10 times with the same 
consistent results. The antagonistic activity of the Actinomyces sp. is 
entirely independent of pigment formation by the organism. 

Efforts to extract the active material from cultures of the Actinomyces 
sp. grown on solid, semi-solid, and liquid media have not succeeded to date. 
Occasional filtrates and crude extracts with ether show some activity against 
Ceratostomella ulmi, as measured by the cup method technique.— Michael 
S zKOLNiK, Department of Plant Pathology, Rutgers University, New Bruns¬ 
wick, New Jersey. 




THE USE OP VAPORr-HEAT AS A PRACTICAL MEANS 
OP DISINPECTING SEEDS*' ^ 

P. W. Millek* and P. P. McWhorters 
(Accepted for publication September 24, 1947) 

Since Pasteur’s time numerous studies of the factors that determine the 
ability of heat to kill microorganisms have been recorded in various bacterio¬ 
logical and physiological texts. These indicate that the higher the water 
content of the medium in which the organism is contained the lower the tem¬ 
perature and the shorter the exposure required for its death. These obser¬ 
vations may have led early phytopathologists, beginning apparently with 
Jensen in 1887 (2), to utilize hot water to kill pathogens within seeds. Since 
1887 specific hot-water treatments for various pathogens and seeds have been 
developed and recommended. These have not become popular, however, 
because (a) the treatments require critical time and temperature control, (b) 
the seeds must be quickly cooled and dried, (c) enormous space is required 
for drying large amounts of seed, and (d) injury frequently accompanies 
treatment even when all precautions are observed. 

Coincident with the development of the hot-water method of seed disin¬ 
fection dry heated air was utilized by certain investigators to rid seeds of 
microorganisms. Critical summaries of these investigations by Atanasoff 
and Johnson (1) in 1920 and by Lehman (5) in 1925 indicate that tempera¬ 
tures of 95° C. to 100° C. for 1 to 3 days are required for disinfecting seeds 
with dry heat. Moreover, to avoid injury at the high temperatures, the seeds 
must be thoroughly dried before beginning the treatment. The long expo¬ 
sures, the possibility of injury, and the contingent fire hazard have dis¬ 
couraged the use of dry heat treatment by commercial seedsmen. 

The utility of disinfecting seeds with an intermediate form of heat called 
“vapor-heat” was investigated by us during 1941 to 1946 as part of the 
coordinated war-time research program of the American Phytopathological 

^ Published as Technical Paper No. 500 with the approval of the Director, Oregon 
Agricultural Experiment Station. Contribution of the Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agri¬ 
cultural Research Administration, United States Department of Agriculture in coopera¬ 
tion with the Oregon Agricultural Experiment Station. 

2 The authors are equally responsible for this investigation and manuscript. 

3 Grateful acknowledgment and thanks are due: 

Mrs. Louisa Kanipe, seed analyst, Oregon Agricultural Experiment Station, for 
valued assistance in determining the viability of many of the seeds tested. 

Dr. L. D. Leach for data on the control of Phoma hetae on sugar beet seeds by vapor- 
heat. 

Dr. Charles F. Doucette of the U. S. Bureau of Entomology and Plant Quarantine 
for loan of the vapor-heat machine. 

Northrup, King and Company for their cordial cooperation in the conduct of certain 
of the tests reported herein, 

« Plant pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, United States Department of Agriculture. 

6 Plant pathologist, Oregon Agricultural Experiment Station, and Agent, Bureau of 
Plant Industiy, Corvallis, Oregon. 
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Society. The application of heat in a manner intermediate between heated 
water and heated dry air is accomplished by introducing steam into a current 
of air with a mechanical arrangement adjusted to maintain a desired tem¬ 
perature and proportionate moisture content. The term vapor-heat for such 
steam-air mixtures was apparently first suggested by Hawkins and intro¬ 
duced by Latta (3) in connection with the disinfestation of narcissus bulbs. 

A preliminary report of our investigations has already been made (6). 
This more detailed account is presented to show the i)ractical value and limi¬ 
tations of vapor-heat for seed treatment. The method avoids extreme wetting 
and drying, thus eliminating many of the objections mentioned above. The 
principle, if applied in suitable automatic machinery, seems well adapted 
for large-scale operations by seedsmen. 

THE VAPOK-lIEAT MACHINE AND METHODS 

The equipment used in these tests is essentially the same as devised and 
described by Latta (3, 4). Steam at 10 to 20 pounds pressure is released 
through a series of small openings in a U-shaped pipe and mixed or '‘vapor¬ 
ized** with air in a sheet-metal conditioning box approximately 5 feet long, 
3 feet wide, and 3 feet high. Prom the conditioning box, the vapor passes 
through a metal conduit into a double-walled, wooden treating room approxi¬ 
mately 5x5x4 feet (Pig. 1). The hot vapor enters the treating room 
through a square opening in the center of the ceiling and is distributed by 
a perforated baffle plate suspended about 6 inches below the opening. The 
perforated plate allows a portion of the mixture to flow downward into the 
center of the room. The vapor is subsequently withdrawn from the lower 
part of the room and circulated again through the conditioning box and 
reintroduced thi-ough the ceiling by means of a fan placed in the circula¬ 
tion “stream.** The temperature of the mixture is lield constant to within 
± 2° P. by Mercoid thermostatic control equipment which operates a steam 
valve introducing more steam into the mixture as needed to maintain this 
required temperature. 

The use of vapor-heat for seed disinfection being new, a large number 
of temperature combinations on different seeds and pathogens were tested 
before a somewhat standardized procedure was attained. Later, we always 
used low temperature approacli periods followed by short higher tempera¬ 
ture exposures. Since these temperatures extended from 110° P. to 165° P. 
and over 800 operations of the vapor machine were involved it is possible to 
include only a small portion of the records in the accompanying tables. 
Temperatures and combinations which later experience proved too low have 
been largely omitted. 

The seeds to be treated were placed in small trays, measuring 11 x 11 x 3 
cm. with 32-mesh wire screen bottoms and holding approximately 35 gm. of 
table beet seed and 75 gm. of cabbage seed. The seeds were transferred 
aseptically to sterile .paper sacks after treatment in the vapor-heat machine, 
and were subsequently plated out on potato-dextrose agar to determine the 
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viability of the microorganisms present on or within the seeds. At the same 
time comparable untreated seeds were plated out as controls. Seeds in 
germination and infection studies were handled in a similar manner. 

The viability of seed by laboratory methods was determined as the aver¬ 
age germination of two samples of 100 seeds each. 

The germination by rate of emergence was determined as two to four 
replicates of 100 seeds, or seed-balls, each, planted in pasteurized soil. The 



Fig. 1. The vapor-heat machine. 


emergence of the seed was recorded as a percentage of the seed sown and the 
mean emergence period in days was thus determined. 

RESULTS 

Efficacy of vapor-heat to disinfest seeds contaminated with molds, —Pre¬ 
liminary trials of disinfestation with vapor-heat were made on naturally 
infested seeds of beet, carrot, cabbage, cauliflower, brussels sprouts, onion, 
pea, snap bean, radish, red clover, bentgrass, Chewings fescue, and perennial 
ryegrass. The seeds were randomly infested with species of Macrosporium, 
Stemphyllium, Ftisarium, Aspergillus^ and Penicillium, 

Trials included 53 time-temperature variations with or without approach 
or warm-up periods. These ranged from 117° P. for 30 minutes to 160° P. 
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for 40 minutes.® The results were erratic due to great variation in the fungus 
flora of different seeds and to the fact that Penicillium appeared in cultures 
representing temperature ranges where control of the other fungi was con¬ 
sistent. We were never certain whether the unpredictable occurrence of 
Penicillium in cultures of treated seeds was attributable to chance recon¬ 
tamination during the transfer of the seeds from the treating room to agar 
plates, or to resistance of the fungus on the seeds to vapor-heat. Nineteen 
per cent of 835 seeds plated as controls proved uncontaminated with fungi, 
thus adding further experimental error. It was concluded that vapor-heat 
exposures of 150® F. for 30 minutes or combination exposures of 130® P. for 
15 minute followed by 140® P. for 45 minutes will destroy most contami¬ 
nating molds. The use of an approach period of 130® P. for 15 minutes com- 

TABLE 1 .—The effect of vapor-heat on certain fungi 


Percentage of seeds inoculated® with specified fungi 
that harbored viable fungus material after 
vapor-heat treatment for indicated 
Vapor-heat treatment temperatures and exposures 



Phoma 

betae 

Botrytis 

cinerea 

Fusarium 

orthoceras 

Not treated. 

99 

98 

100 

125° F., 6 min. 

40 

20 

125® F., 10 min. 

20 

0 


125® F., 20 min. 

0 

0 


130° F., 5 min. 

10 

10 


130° F., 20 min. 

0 

0 

0 

135° F., 5 min. 

30 

0 

0 

135» F., 10 min. 

20 

0 

0 

135° F., 20 min. 

0 

0 

0 

140° F., 5 min. 

0 

0 

0 

140® F., 10 min. 

0 

0 

0 

140® F., 15 min. 

0 

0 

0 


• Table beet seed-balls were first autoclaved to kill the natural microflora and then 
soaked in spore suspensions of the respective fungi. 


bined with a short treatment of 140® P. to 145® P. proved consistently better 
than single treatments of 150® P. for proportional periods. There was some 
indication that smooth seeds, such as cabbage, were more easily disinfected 
than such rough seeds as beet ‘‘seed-balls.’^ 

Ability of vapor-heat to kill specific fungi on and in beet seed-balls ,^^— 
The vapor-heat “death points” for Phoma betae {Oud.) Frank, Botrytis 
cinerea Pers., and Fusarium orthoceras Ap. et Wr. were obtained by first 
soaking autoclaved beet seed-balls in suspensions of the spores of the respec¬ 
tive fungi and allowing the fungi to grow into the coats of the fruits. 

The data given in table 1 show that Fusarium orthoceras was especially 
susceptible to vapor-heat and that exposure to a temperature of 140® P. for 
20 minutes should kill any of the three fungi when in a vegetative condition. 

« These data are too voluminous to warrant tabulation and are therefore merely sum¬ 
marized in this paragraph. Also, the many variables kept this preliminary study from 
being precise. 
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Vapor-heat *^death points^^ of sclerotia of Sclerotinia. —The very short 
exposures and relative low temperatures required to inactivate sclerotia of 
Sclerotinia minor dagger and Sclerotinia sclerotiorum (Lib.) De Bary from 
cabbage are of special interest. Table 2 shows that sclerotia of 8. minor were 
killed by vapor-heat treatment at only 130° F. for 15 minutes. This is at 
least 15 degrees F. and 45 minutes’ exposure below the analogous thermal 
death-point of cabbage seed (Table 4). Platings of sclerotia that were cut 
open to eliminate error from delayed germination showed that all sclerotia 
of both species were killed by treatments of 135° F. for 30 minutes. Since 
many sclerotial “pellets” sometimes remain among cabbage seed after 
mechanical cleaning, vapor-heat may prove advantageous for disinfesting 
cabbage seed. 

Specific control of seed-borne diseases. —The results of limited studies 
of controlling specific seed-borne diseases by vapor-heat indicate that this 

TABLE 2.— The effect of vapor-heat on the sclerotia of Sclerotinia from cahhage. 


Organism 

Vapor-heat 

treatment 

Number of 
sclerotia 
plated 

Percentage of 
sclerotia viable • 
after treatment 

Sclerotinia sclerotiorum 

Not treated 

19 

100 

Do 

130° F., 15 min. 

16 

31 

Do 

130° F., 30 min. 

6 

33 

Do 

130° F., 45 min. 

10 

10 

Do 

130° F., 60 min. 

11 

27 

Do 

135° F., 15 min. 

6 

0 

Do 

135° F., 30 min. 

6 

0 

Do 

135° F., 45 min. 

6 

0 

Sclerotinia minor 

Not treated 

7 

100 

Do 

130° F., 15 min. 

6 

0 

Do 

130° F., 30 min. 

6 

0 

Do 

130° F., 45 min. 

6 

0 

method of thermal therapy 

is practical for certain diseases. 

However, dis- 


infection of large seeds such as Phaseolus vulgaris L., variety White Kidney, 
infected with Colletotrichum lindemuthianum (S. & M.) Bri. & Cav., which 


penetrates deeply into the seeds is difficult and may be impractical. 

The control of Phoma betae in naturally infected sugar beet seed-balls 
by vapor-heat has been demonstrated as recorded in table 7. Moreover, pre¬ 
liminary tests indicate that the vapor-heat treatment of table beet fruits 
naturally infected with Phonta betae may prevent the crown rot disease of 
table beet roots. This was indicated by tests carried on in 1944-1945 in 
cooperation with Northrup, King and Company of Minneapolis, Minnesota. 
In February, 1944, we vapor-heat treated some naturally infected table beet 
seeds supplied by this company. These seeds were planted by representa¬ 
tives of the company in their trial grounds in Minneapolis along with non- 
treated seeds from the same source. The roots from both lots were harvested 
in October, 1944, and stored in a cellar over winter. The treated lot was 
kept separate from the non-treated lot. When the roots went into storage 
there was no detectable difference in the two lots. The roots were subse- 
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quently removed from storage about the middle of April, 1945, and the 
incidence of rotted^’ roots in each lot determined. The untreated roots 
had about 40 per cent crown-rot while the roots produced from the seeds 
treated by vapor-heat were practically free from crown-rot, only 9 roots 
being affected in some seven bags of roots stored. 

As was discussed above, the sclerotia of both Sclerotinia minor and 8. 
sclerotiorum mixed among cabbage seed are easily killed by vapor-heat treat¬ 
ments that are considerably below the maximum treatment that could be 
used without causing injury to the seed. Treatment of infested seed by 
vapor-heat is a practical method of preventing this disease from being seed- 
bome. 

TABLE 3.— The effect of vapor heat on three bacterial plant pathogens of the genus 
Xanthomonas 


Host 


Bacterial 

pathogen 


Vapor-heat 

treatment 


Number of 
seeds* 
cultured 


Percentage of 
seeds containing 
viable bacteria 
after treatment 


Cabbage 

X, campestre 

Not treated 

60 

58 

Do 

Do 

145^ P., 30 min. 

20 

15 

Do 

Do 

145° P., 60 min. 

30 

0 

Do 

Do 

145° P., 90 min. 

30 

0 

Do 

Do 

150° P., 30 min. 

10 

33 

Do 

Do 

150° P., 60 min. 

10 

33 

Do 

Do 

150° P., 90 min. 

10 

0 

Snap beans 

X. phaseoU 

Not treated 

101 

98 

Do 

Do 

147° P., 30 min. 

12 

58 

Dcr 

Do 

152° P., 30 min. 

19 

58 

Do 

Do 

152° P., 60 min. 

12 , 

25 

Do 

Do 

157° P., 30 min. 

12 

33 

Do 

Do 

157° P., 75 min. 

12 

33 

Do 

Do 

157° P., 90 min. 

12 

0 

Do 

Do 

162° P., 30 min. 

12 

17 

Do 

Do 

162° P., 45 min. 

12 

0 

Carrot 

X, carotae 

Not treated 

65 

97 

Do 

Do 

142° P., 30 min. 

14 

14 

Do 

Do 

147° P., 30 min. 

14 

7 

Do 

Do 

152° P., 30 mill. 

33 

15 

Do 

Do 

157° P., 30 min. 

17 

18 


» Seeds autoclaved, then soaked in aqueous suspensions of the organism in question 
and subsequently air-dried under aseptic conditions. 

Special cases for application of thermal disinfection by means of vapor- 
heat, —The vapor-heat method possesses many other possible control potenti¬ 
alities that invite investigation. For example, preliminary tests indicate 
that it may be used effectively to disinfect plant parts other than seeds, such 
as onion bulbs, gladioli corms, etc. Many other uses may be found where 
this easily controlled method of heat treatment may be applied without intro¬ 
ducing a diflScult problem of drying. 

Vapor-heat impra<^tical for control of bacterial diseases, —^Bacteria are 
much more difficult to kill by vapor-heat than are fungi. It has proved 
impossible to disinfest seeds contaminated with spore-forminer bacteria at 
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temperature ranges herein reported. While non spore-forming bacterial 
plant pathogens are eventually killed, the temperatures required are too 
high for most seeds to endure without serious injury. Table 3 shows the 
control potential of vapor-heat on Xanthomonas campestre (Pammel) Dow- 
son, X, phaseoli (E. P. Smith) Dowson, and X, caroiac on cabbage, snap 
bean, and carrot seeds, respectively. It is apparent from these data that the 
vapor-heat method alone is impractical for controlling seed-borne bacteria. 
This observation led to preliminary trials of vapor-heat followed by appli¬ 
cation of chemical disinfectants. A test by plating technique to compare 
the relative efficiency of vapor-heat and copper oxide for disinfesting beet 
fruits showed that a combination of the two attained complete disinfestion. 
The copper alone did not prevent growth of fungi; the heat alone did not 
prevent growth of bacteria. Combinations of vapor-heat and chemical seed 
treatment may lead to better control of seed-borne and soil-borne pathogens. 

Tolerance of seeds to vapor-heat. —Seeds of Kentucky Wonder bean, 
brussels sprouts, Marion Market cabbage, Chaiitenay carrot, Early Sweet 
pea, sugar beet, Detroit Dark Red table beet, red clover, bentgrass, Chewings 
fescue, and perennial ryegrass were tested for tolerance to vapor-heat treat¬ 
ments. The tolerance as recorded in table 4 was determined by (a) standard 
laboratory seed analysis methods, and (b) the rate of emergence in pasteur¬ 
ized soil. These data show that while the tolerance to vapor-heat of indi¬ 
vidual kinds of seeds varies considerably, many kinds withstand significantly 
higher temperatures than are required to kill associated fungi. Thus, table 
beet seed-balls can evidently endure vapor-heat treatment up to 145° P. for 
30 minutes with little, if any, effect on the germination or rate of emergence. 
This treatment is some 10 degrees P. higher than is required to kill most of 
the associated fungi. 

The wide difference in the vapor-heat tolerance of some of the seeds of 
closely related plants is noteworthy. Por example, a vapor-heat treatment 
of 145° P. for 45 minutes which has little, if any, effect on the germination 
of cabbage, may seriously injure seeds of cauliflower and brussels sprouts. 
Similar variations among varieties or lots of the same species may be antici¬ 
pated (Table 5). 

In selecting the vapor-heat temperatures and exposure periods for any 
particular seed problem it is essential to employ those that retard germina¬ 
tion the least and yet are efficacious. If germination is retarded by the 
treatment deemed necessary to effect disinfection, the seeds should subse¬ 
quently be treated with a suitable protectant to avoid damping-off during 
the lengthened pre-emergence period. 

The effect of age of seed on susceptibility to injury by vapor-heat. —It 
may be presumed that any circumstance that naturally weakens the viability 
of seeds would lend to proportionately greater injury from vapor-heat treat¬ 
ment. Aging of seed is a common circumstance that militates against good 
germination. One test with cauliflower seed representing 0, 1, 2, and 3 
years of aging respectively, reported in table 5, shows that injury to cauli- 
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TABLE 4 .—The effect of vapor heat on the germination of certain seeds 


^ , Vapor-heat treatment 

Seed and 

series- 

number* 

Approach period Standard period 


Germina¬ 
tion in 
laboratory^ 


Germination in 
greenhouse 


Seedlings 

emerged* 


Mean 

emergence 

period 





Per cent 

Per cent 

Days 

Table beet 

l,a 


Not treated 

77 

94 


l,b 


145° F., 15 min. 

77 


. 

l,c 


145° F., 30 min. 

79 


. 

i,d 


145° F., 45 min. 

74 

72 

. 

l,e 


145° F., 60 min. 

77 

53 

. 

i.f 


145° F., 90 min. 

68 

52 


l|g 


150° F., 20 min. 

89 

138 

. 

i,h 


150° F., 30 min. 

78 


. 

i,i 


150° F., 45 min. 

70 


. 

hi 


150° F., 60 min. 

83 

810 


l,k 


150° P., 90 min. 

72 


. 

1,1 


155° F., 15 min. 

87 


. 

1, m 


155° F., 30 min. 

72 


. 

l,n 


155° F., 45 min. 

72 


. 

1,0 


155° F., 60 min. 

78 



hv 


160° F., 20 min. 

76 


. 

i,q 


160° F., 40 min. 

46 

2 




160° F., 60 min. 

9 

0 


l,s 


160° F., 80 min. 

1 

0 

. 

l,t 


165° F., 20 min. 

70 



l,u 


165° F., 40 min. 

38 


. 

l,v 


165° F., 60 min. 

11 


. 

2, a* 


Not treated 


91 


2, b». 

130° F., 15 min. 

140° P., 30 min. 


89 . 

. 

a 


Net treated 


168 

5.5 

3,b 

130° F., 15 min. 

140° F., 45 min. 


97 

6.5 

4, a 


Not treated 


130 

8 

4,b 

135» F., 15 mill. 

140° F., 60 min. 


134 

8 

T), a 


Not treated 


162 

5.5 

r),b 

1300 F., 10 min. 

145° F., 30 min. 


157 

5.5 

0, a 


Not treated 


79 

. 

6,b 

135° R, 15 min. 

145° F., 45 min. 


85 

. 

7,a 


Not treated 


256 

4 

7,b 

135° F., 15 min. 

146° F., 30 min. 


196 

5.5 

8, a 


Not treated 


180 

5 

8,b 

135° F., 20 min. 

146° F., 45 min. 


147 

6.5 

Sugar beet 

9, a 


Not treated 

89 

179 


9,b 

130° F., 15 min. 

140° F., 30 min. 

90 

185 

. 

10, a 


Not treated 


226 

5.5 

10, b 
Carrot 

130° F., 15 min. 

140° F., 35 min. 


237 

5 

ll,a 


Not treated 


45 

6.5 

11, b 

135° F., 15 min. 

146° F., 30 min. 


33 

7.5 

12, a 


Not treated 


46 

7.5 

12, b 

135° F., 20 min. 

146° F., 45 min. 


17 

9 

13, a 


Not treated 


75 

13 

13, b 


150° F., 45 min. 


40 

17.5 

14, a 


Not treated 


45 

6.5 

14, b 

135° F., 20 min. 

146° F., 30 min. 


33 

7.5 
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TABLE 4.— (Continvrd) 


Seed and 
series 
numberft 

Vapor-heat treatment 

Germina¬ 
tion in 
laboratory^ 

Germination in 
greenhouse 

Approach period 

Standard period 

Seedlings 

emerged® 

Mean 

emergence 

period 




Per cent 

Per cent 

Bays 

15, a 


Not treated 


46 

7.5 

15, b 

135° F., 20 min. 

146° F., 45 min. 


17 

9 

16, a 


Not treated 


75 

13 

16, b 


150° F., 45 min. 


40 

17.5 

Cabbage 

17,a 


Not treated 

95 

84 


17,1) 


145° F., 30 min. 

96.5 


. 

17, c 


145° F., 45 min. 

97 

. 


17, d 


145° F., 60 min. 

95 

. 

. 

17, 0 


150° F., 30 min. 

93 



17, f 


150° F., 60 min. 

88.5 



17,g 


1.50° F., 90 min. 

66.5 



I7,h 

135° F., 20 min. 

145° F., 45 min. 

82.7 

88 


17, i 

130° F., 20 min. 

1.50° F., 30 min. 

89 

52 



135° F., 20 min. 

1.50° F., 60 min. 

70.5 

40 


17, k 

130° F., 20 min. 

150° F., 90 min. 

23.5 

6 


17,1 

130° F., 20 min. 

150° F., 120 min. 

5 

8 


Brussels 

sprouts 

18, a 

. 

Not treated 


76 

6.0 

18, b 

132° F., 15 min. 

137° F., 20 min. 

. 

79 

6.0 

19, a 


Not treated 


89 

6.5 

19, b 

137° F., 15 min. 

147° F., 30 min. 

- 

28 

11 

Cauliflower 

20, a 


Not treated 

93 



20, b 


135° F., 30 min. 

91 

. 

. 

20, c 

. 

140° F., 30 min. 

91 



20, d 


148° F., 30 min. 

32.4 



21, a 


Not treated 

71 



21,1) 

135° F., 20 min. 

145° F., 45 min. 

0 

. 


Peas 

22, a 


Not treated 

94.5 



22, b 


160° F., 20 min. 

90 


. 

22, c 


160° F., 40 min. 

76.5 



22, d 

. 

160° F., 60 min. 

66 


. 

22, e 


160° F., 80 min. 

55.5 



Beans 

23, a 


Not treated 


95 

6 

23, b 

. 

146° P., 60 min. 


92 

6.5 

24, a 


Not treated 


97 

9.5 

24, b 


1.50° F., 45 min. 


66 

11 


ft An asterisk indicates that the seeds in this series were dipped in a spore suspension 
of Phoma betae before treatment. 

^ Averag^e germination, in per cent, of 2 samples of 100 seeds, or seed-balls, each as 
determined by standard laboratory seed analysis methods. 

0 Seedlings emerged in percentage of seeds, or seed-balls, sown. 
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flower seed increases with age and that the process is more suitable for cur¬ 
rent-season seed. The germination of the fresh seeds treated at the higher 
temperature level was from 3 to 28 times that of the 3-year-old seed. The 
strain Snowball was consistently more resistant to injury than SnOAV- 
ball 

The proper interval between harvesting seeds and vapor-heat treatment 
has not been investigated. This relationship should be determined for vari¬ 
ous kinds of seeds and the diseases associated with them. 

The relation of depth of seeds to treating efficiency. —^We had hoped that 
vapor-heat would penetrate sufficiently to permit treating of seeds in sacks. 
That treatment in sacks is impractical was proved by determining how far 


TABLE 5 
ent ages, 19dS 

. —The effect of vapor-heat on the germination of cauliflower seed of differ- 

Year seed 
grown 

Vapor-heat 

treatment 

Average germination of two strains of seed 
. as determined by standard 
laboratory methods 

Snowba IP < A ^» Hnowball' ‘ X ^ ’ 

1942 

Not treated 

Percent Percent 

90 97 

T)o 

135° F., 30 min. 

91 

95 

Do 

140° r., 30 min. 

91 

95 

Do 

148° i\, 30 min. 

20 

2 

1943 

Not treated 

93 

88 

Do 

135° F., 30 mill. 

87 

90 

Do 

140° F., 30 min. 

92 

91 

Do 

148° F., 30 min. 

54 

35 

1944 

Not treated 

95 

91 

Do 

135° F., 30 min. 

91 

95 

Do 

140° F., 30 min. 

94 

92 

Do 

148° F., 30 min. 

40 

0 

3945 

Not treated 

94 

99 

Do 

135° F., 30 min. 

97 

94 

Do 

140° F., 30 min. 

92 

95 

Do 

148° F., 30 min. 

73 

56 


within a mass of beet fruits complete disinfestation was obtained. The beet 
seed-balls used, as reported in table 6, were contaminated randomly with 
species of Stemphyllium, Macrosporium, and Penicillinm. Decontamination 
is significantly reduced at distances of more than one inch within the seed 
mass even in the case of a favorable subject such as beet seed-balls. The 
self-insulation against heat provided by small seeds in masses would ob¬ 
viously be more pronounced. This relatively poor penetration must be 
considered in planning commercial applications of vapor-heat and is dis¬ 
cussed later in this paper. 

The absorption of water by seeds during vapor-heat treatment. —Seeds 
treated with hot water absorb from ten to twenty times as much water as 
those treated by vapor-heat (Table 8). This is a significant advantage of 
vapor-heat over the hot water method. . While all vapor-heat-treated seeds 
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TABLE 6 .—The relation of the depth of table beet aeed balls in containers to decon¬ 
tamination by vapor-heat 


Depth of seed Vapor-heat treatment 

in trays in — - -- 

millimeters Approach period Standard jicriod 


Number of 
seed-balls 
cultured 


Percentage of 
seed-balls 
harboring 
viable fungi 
after treatment 






Not 

treated 

352 

97 

2 to h 

135° 

F., 15 

mill. 

140° 

F., 30 min. 

30 

0 

25 

130° 

F., 15 

min. 

140° 

F., 30 mill. 

34 

44 

75 

130° 

F., 10 

min. 

140° 

F., 30 min. 

15 

93 

2 to 5 

135° 

F., 15 

mill. 

145° 

F., 30 min. 

30 

0 

25 

135° 

F., 15 

min. 

145° 

F., 30 min. 

42 

28 

75 

135° 

F., 15 

min. 

146° 

F., 30 mill. 

30 

70 

2 to 5 

135° 

F., 15 

min. 

145° 

F., 45 min. 

10 

0 

25 

135° 

F., 20 

min. 

145° 

F., 45 mill. 

50 

4 

50 

135° 

F., 20 

min. 

146° 

F., 45 mill. 

15 

40 

95 

135° 

F., 20 

min. 

146° 

F., 45 min. 

14 

64 

2 to 5 

13.5° 

F., 20 

min. 

1.50° 

F., 30 mill. 

8 

0 

25 

135° 

F., 20 

min. 

1.50° 

F., 30 min. 

20 

0 

2 to 5 

135° 

F., 20 

min. 

1.50° 

F., 60 min. 

8 

0 

25 

135° 

F., 20 

min. 

150° 

F., 60 min. 

30 

0 

2 to 3 

135° 

F., 20 

min. 

150° 

F., 90 min. 

8 

0 

25 

135° 

F., 20 

min. 

1.50° 

F., 90 mill. 

10 

0 

2 to 3 




145° 

F., 15 min. 

8 

50 

25 




145° 

F., 15 min. 

10 

30 

cc 

o 




145° 

F., 30 min. 

9 

0 

25 




14.5° 

F.. 30 min. 

20 

20 

2 to 3 




150° 

F., 120 min. 

H 

0 

20 




150° 

F., 120 min. 

20 

10 


appear only slightly dampened, those with porous t'oats, such as beet seed- 
balls, absorb more nioistiii*e during treatment than seeds with hard “flinty 
coats, such as cabbage. Most treated seeds were almost dry enough to 
‘‘pour’’ when removed from the machine. The moisture content can be 

TABLE 7 .—The control of Phoma betae in naturally infected sugar beet seed-balls 
by vapor-heat treatment 


Series 

Treatment 

Emergence 
per 100 
seed-balls 

Seedlings 
* * damped- 
off * ^ after 
emergence 

Seedlings 
with root 
lesions^ 

Total 

seedlings 

infected 




Per cent 

J*rr cent 

Per cen t 

l,a 

None 

179 

50.6 

30.1 

80.7 

l,b 

Vapor-heated (130° F. 
for 10 min. -f 145° F. 

185 

2.7 

3.9 

6.6 


for 30 min.) 





2, a 

None 

142 

53.5 

28.9 

82.4 

2,1) 

Vapor-heated (130° F. 

189 

1.8 

0.6 

2.4 


for 10 min. +145° P. 
for .SO min.) 


a The seeds were vapor-heat treated by us and forwarded to Dr. L. D. Leach who 
carried on the emergence studies. 

*>A11 seedlings with root and hypocotyl infections were cultured by Dr. Leach to 
verify Phoma betae as the causal organism. 
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TABLE 8.— The percentage of moisture absorbed by certain seeds during vapor heat 
treatment as compared with that absorbed during hot-water treatment 


Seed 

Treatment 

Exposure temperature 
in degrees Fahrenheit 
and time in minutes 

Average* percentage of 
moisture absorbed during 
treatment expressed as 
percentage of original 
dry weight of seed 

Table beet 

Hot-water 

134° F. for 10 minutes 

98.8 

Do 

Vapor-heat 

130° F. for 10 minutes -h 
146° F. for 30 minutes 

4.1 

Do 

Vapor-heat 

135° F. for 15 minutes H 
140° F. for 60 minutes 

5.9 

Cabbage 

Hot-water 

122° F. for 15 minutes 

27.0 

Do 

Vapor-heat 

130° F. for 10 minutes-f 
145° F. for 30 minutes 

2.8 

» Average of 4 replicates. 




lowered to the initial dryness by introducing hot air into the chamber before 
removing the seeds. Proper mechanical equipment for vapor-heat treat¬ 
ment of seeds would dry the seeds automatically before they are stored. 


DISCUSSION 

The foregoing data indicate that the vapor-heat principle may be used to 
disinfect and disinfest seeds without serious injury. Tn many cases reported 
above, effective treatment was accomplished at levels far below the point of 
injury to the seeds. Precise temperature control is not a critical factor and 
the treatment periods are not excessively long. It is likely that vapor-heat 
treatments can be designed that will effectively replace hot-water treatment 
of seeds in those cases where thermal disinfection has proved necessary. 

The data presented show that because of irregular and inadequate pene¬ 
tration seeds could not be treated in sacks. Practical application therefore 
would require the construction of special vapor-heat machinery not unlike 
some of the equipment already used by canners. The seeds could be carried 
along on slowly moving belts through tunnel-like channels wherein the vapor- 
heat would be applied. In the last section of the tunnel they could be ex¬ 
posed to warm, dry air so that they would emerge dry enough for final stor¬ 
age. The amount of moisture left on the seed could be so adjusted that a 
suitable post-emergence protectant could be more effectively applied before 
they are placed in containers for marketihg. 

SUMMARY 

A method for disinfecting seeds by vapor-heat is described. 

Tabulated data presented indicate that certain fungi are killed at rela¬ 
tively low vapor-heat temperatures for short exposures. However, most 
bacteria are not killed by vapor-heat treatments that are safe for seeds, 
and the control of bacterial seed-borne diseases by vapor-heat alone seems 
impractical. 
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Certain kinds of seeds will apparently endure considerably higher vapor- 
heat temperatures than are required to kill all associated fungi. Thus, table 
beet seed-balls will evidently tolerate a vapor-heat temperature of around 
145° F. for as long as 30 minutes without significant reduction or retardation 
of germination. Phoma betae, an associated pathogen, is killed at 135° F. 
for 20 minutes, which is about 10 degrees F. lower than the phyto-lethal 
temperature. 

The practical control of Phoma betae on and within sugar beet and table 
beet seed-balls is indicated by these investigations. Preliminary tests also 
indicate that the method will kill sclerotia of Sclerotinia occurring as a 
contaminant of cabbage seed. 

The important advantages of vapor-heat treatment are (a) temperature 
control is not critical as for hot water treatment, (b) treatment periods are 
short in comparison with dry heat, and (c) the difficulty of drying seed which 
limits the use of hot water is eliminated by proper vapor-heat procedures. 
Division of Fruit and Vegetable Crops and Diseases, Bureau op Plant 
Industry, Soils, and Agricultural Engineering, Agricultural 
Research Administration, 

United States Department of Agriculture 

AND 

Oregon Agricultural Experiment Station, Corvallis, Oregon. 
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EFFECT OF SEVERAL SEED PROTECTANTS ON 
EMERGENCE AND STAND OF OKRA^ 

C. N. CLAYTON2 

(Accepted for publication October 14, 1947) 

During the summer months in the coastal area of South Carolina, okra 
is the most dependable vegetable for the home garden. A considerable acre¬ 
age is also grown for canning near Charleston. A satisfactory stand of 
okra plants is often difficult to obtain. Since information regarding okra 
seed treatment was lacking, experiments with seed protectants^ were con¬ 
ducted. Results indicate that the use of such materials aids greatly in 
securing satisfactory stands. A brief summary of the results with the most 
promising materials lias been presented in South Carolina Agricultural Ex¬ 
periment Station Bulletin 361. 

One experiment in 1942, two in 1943, and one in 1944 were made in 
sandy loam soil. Each test was made in a different field. A randomized 
block design with 5 or 6 replicates of each treatment was used for each test. 
On each plot consisting of a single row 10 or 12 feet in length, 100 seeds were 
planted. Clemson Spineless okra seed was used exclusively in all experi¬ 
ments except No. II in which several varieties were included. 

Experiment I .—Seed was treated on March 10 and kept in paper bags 
until planted on March 31, 1942. This was about three weeks earlier than 
the normal seeding date. The plants that emerged were counted on April 

23 and the surviving plants on April 29 (Table 1), The germination of the 
seed used was low, which seems to be normal for many lots of okra seed. 

A second test, similar in design and materials to the first one, was seeded 
on August 11, 1942. Plants were emerging on August 17. Stand data 
(Table 1), taken on August 26, indicate the value of the various treatments. 

Experiment II ,—Spergon and New Improved Ceresan, which appeared 
to be beneficial in 1942, were tested on seed of six varieties of okra in 
1943. The seed was treated on March 4 and kept in closed containers for 

24 hours. Each plot, a single 12-foot row, w^as seeded on March 24. 

The average number of plants, for each variety and treatment, emerged 
by April 12 is shown in table 2. Both Spergon and New Improved Ceresan 
caused highly significant increases in stand from certain seed lots in com- 

1 Technical Contribution No. 133, South Carolina Agricultural Experiment Station. 

2 Formerly Associate Plant Pathologist, S. C. Truck Experiment Station, Charleston, 

S. C. 

3 Of the materials used, New Improved Ceresan (5 per cent ethyl mercury phos¬ 
phate), 2 per cent Ceresan (2 per cent ethyl mercury chloride), Semesan (30 per cent 
hydroxymercurichlorophenol), Arasan (50 per cent tetramethylthiuram-disulfide), For¬ 
mate (70 per cent ferric dimethyldithiocarbamate), were furnished by E. I. DuPont de 
Nemours & Co., Spergon (tetrachloro-para-benzoquinone), Spergonex (o-benzoquinone 
dionium peroxide), and Phygon (2,3-dichloro-l,4-naphthoquinone) by the IT. S. Rubber 
Co. (Naugatuck Division ); Cuprocide (96.5 per cent red cuprous oxide) by Rohm and 
Haas Co.; Tribasic copper sulfate (52 per cent metallic copper) by the Tennesse Copper 
Company; Seed Disinfectant No. 5 (tetrachloroquinone), and Seed Disinfectant No. 6 
(2,4,5-trichlorophenol) by the Dow Chemical Co. 
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* Bate of application is expressed as percentage of weight of seed, 
b Figures marked with one and two asterisks are significantly highi^r than those for 
the untreated seed at the 5 per cent and 1 per cent levels, respectively. 

parison with the untreated controls. At the dosages used, there were no 
significant differences between the means for the two materials. 

Experiment III ,—A dosage series was tried in 1943 in order to learn 


TABLE 2 .—Relation of treatment of seed of oJcra varieties to stand, 1943 



Average number of plants emerged 
on April 12» 

Variety 

Untreated 

New Improved 
Ceresan, 0.5 
per cent 

Spergon 

1 per cent 

1. Clemson Spineless . 

. . . 46.6 

67.2** 

68.4** 

2. Carrothor's Green Velvet. 

. 18.0 

13.6 

15.6 

3. Louisiana White Velvet . 

. 62.8 

68.6 

76.8** 

4. Asgrow White Velvet . . 

. 34.8 

41.2 

41.6 

5. Dwarf Green . 

. 49.4 

55.0 

52.2 

6. Perkin's Mammoth . 

. 49.2 

50.8 

51.2 

Difference required for significance 



at 5 per cent 

level 8.8 

8.8 

8.8 

at 1 per cent 

level 11.6 

11.6 

11.6 

Mean for treatments . 

. 43.5 

49.4** 

51.0** 

Difference between treatment means required for significance 



at 5 per cent level. 

3.58 


at 1 per cent level . 

4.74 


* Figures marked with two asterisks are significantly higher at the 1 per cent level 
than those for the untreated seed. 
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TABLE 3 .—delation of the treatment of Clemson Spineless olcra seed to stand, 1943 


Treatment 

Average 

Dosage, 

number of plants emerged 

percentage by Aveight 

on April 29* 


0.25 

0.5 

1 


New Improved Ceresan . 

82.6 

76.6 

76.0 

78.3** 

Spergon . 

74.4 

74.2 

75.8 

74.8* 

Arasan . 

76.6 

71.4 

74.0 

74.0* 

Fermate . 

75.2 

69.6 

76.2 

73.7* 

2 per cent Ceresan . 

70.4 

74.8 

72.2 

72.5 

Bemesan . 

68.4 

65.8 

66.6 

66.9 

None (Control) . 




68.6 

Boaked in water for 3 hours . 


. 


58.8 

Mean for dosage^ . 

74.6 

72.1 

73.5 


Difference required for significance at 5 per cent level. 

at 1 per cent level . . 


4.98 

6.63 


• Fifl^ures marked with one and two asterisks are significantly higher than those for 
the untreated seed at the 5 per cent and 1 per cent levels, respectively, 
b No significant difference between means for dosages. 

TABLE 4 .—Relation of treatment of Clemson Spineless olcra seed to seedling emer¬ 
gence, 1944 


Treatment 


Average number of plants 
per plot* 


Material 

Dosage 

(Percentage by weight) 

Emerged May 2 

Npne (Control) . 


38.6 

Bpergon . 

4 

40.8 

Do . 

.. .. 2 

58.6* 

Do . 

. 1 

57.6* 

Do . 

. 0.25 

57.2* 

Do . 

. 0.062 

44.2 

Arasan . 

2 

51.8 

Do ... 

. 1 

54.2 

Do . 

. 0.25 

56.0* 

Do . 

. 0.062 

52.2 

2 per cent Ceresan . 

1 

46.4 

Do . 

. 0.25 

52.6 

Do . 

. 0.062 

53.6 

Do . 

. 0.016 

52.8 

New Improved Ceresan 

1 

49.6 

Do 

. 0.25 

52.2 

Do 

. 0.062 

60.0* 

Do 

. 0.016 

37.4 

Fermate . 

2 

46.6 

Do . 

. 1 

52.0 

Do . 

. 0.25 

48.8 

Do . 

. 0.062 

48.8 

Fhygon . 

. 0.25 

48.2 

Seed Disinfectant No. 5 . 

. 0.25 

45.4 

Do No. 6 . 

. 0.25 

37.6 


Difference required for significance 

at 6 per cent level . 17.4 

at 1 per cent level . 23.0 


• Figures marked with an asterisk are significantly higher at the 5 per cent level 
than those for the untreated se^d. 
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the relative effectiveness of three rates of application of several siaterials 
in increasing the stands. Seed was treated on March 23, kept in closed 
glass containers for 24 hours, and planted on April 9. Treatment with New 
Improved Ceresan at 0.25 per cent dosage resulted in the best stand (Table 
3). The differences between the means for dosages were not significant. 

Experiment JV. —Seed of the Clemson Spineless variety and the re¬ 
quired amount of the dry chemical for each treatment listed in table 4 were 
mixed together in an electric rotary mixer at 30 to 50 r.p.m. for 4 minutes 
on February 9, 1944. Soil moisture was optimum at planting on April 7 
but was unusually high for several weeks that followed. Counts of the 
plants emerged by May 2 are given in table 4. 

summary 

Treatulent of okra seed with either New Improved Ceresan or Spergon 
resulted in a significant increase in stand in each of five tests. In the tests 
made, treatment with New Improved Ceresan at the rate of 4 ounces, Sper¬ 
gon at 16 ounces, or Arasan at 4 ounces per 100 pounds of seed was benefi¬ 
cial, whereas treatment with Permate, 2 per cent Ceresan, or Semesan was 
beneficial to a lesser degree. In preliminary tests tribasic copper sulfate, 
Cuprocide, zinc oxide, Phygon, Seed Disinfectant No. 5, Seed Disinfectant 
No. 6 and Spergonex were not very promising as protectants for okra seed. 
Soaking the seed in water for several hours prior to seeding resulted in a 
decrease in the stand. 

South Carolina Truck Experiment Station, 

Charleston, South Carolina. 



A COMPARISON OP HOME-MADE BORDEAUX MIXTURE WITH 
OTHER FUNGICIDES FOR CONTROL OP SCAB ON THE 
SCHLEY AND MOORE VARIETIES OP PECAN 

John R. Colei 
(Accepted for publication October 4, 1947) 

During the past 12 years, 1935-1946, the writer has used a number of 
fungicides (Table 1) in comparison with home-made Bordeaux mixture® in 
order to control scab {Cladosporium effusum (Wint.) Demaree), a disease 
that is one of the limiting factors in pecan production. 

The tests were made on the Schley variety of pecan in south Georgia, as 
well as the Moore variety in north Florida. The Schley is highly susceptible 
to the scab disease in the locality where the tests were conducted. While 
the Moore is classed as resistant to scab in most localities, it is susceptible in 
north Florida. 

Each test plot contained a minimum of 9 trees, with an average of 12. A 
high-power spray machine that maintained a pressure of 400 to 600 pounds 
with the spray gun open was used in making the 4 spray applications on all 
test plots. 

The purpose of these tests was to find a fungicide that would give com¬ 
mercial control of scab or compare favorably with home-made Bordeaux 
mixture, an effective and economical fungicide but one that apparently has 
a tendency to increase the infestation of the black pecan aphid, MelanocaUis 
caryaefoliae (Davis). 

Table 1 indicates that of the various fungicides used in spraying the 
Schley variety to control scab during the period 1935-1946, inclusive, Bor¬ 
deaux mixture gave a greater increase in yield over the unsprayed checks 
than other fungicides that were tested. In addition, with the exception 
of 1943 when the check trees were accidentally sprayed one time, the trees 
sprayed with Bordeaux mixture always gave an increase in yield over the 
unsprayed checks. Likewise, in 1943 when the check trees gave a higher 
yield of nuts than the ones that were sprayed 4 times, the trees sprayed with 
Bordeaux mixture produced more nuts than those trees sprayed with Fer- 
mate, or Fermate plus lime. 

The set of nuts was greater on the check trees in 1943 than it was on the 
sprayed ones. Under favorable weather conditions, and with good nutri¬ 
tion of the check trees, i.e., very little premature defoliation from the scab 
disease and no second growth the preceding year, the check trees occa¬ 
sionally bloom more heavily than the sprayed ones, especially in the ^'off- 

1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
TJ. S. Department of Agriculture. 

2 Prepared by dissolving 6 pounds of snow form copper sulfate and adding 2 pounds 
of hydrated lime, dOO-inesh, analyzing at least 98 per cent calcium hydroxide, in each 100 
gallons of water. 
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TABLE 1 .—Fungicides used in past iS years for control of pecan scab on the Schley 
and Moore varieties at Albany and Fort Valley^ Georgia^ and Monticello, Florida 

Varieties and treatment 

Amount of 
fungicide in 

100 gal. of 
water 

Year 

treated 

Av. yield 
of nuts 
per tree 

Increase or 
decrease in 
yield of sprayed 
trees over 
unsprayed 
checks 

Schley Variety 



lb. 

lb. 

Bordeaux mixture. 

6-2 

^6 copper-2 lime) 

1935 

30 

15 

Zeolite (sodium silicate) .... 
Coposil (copper silicates and 

3 lb. 

do 

17 

2 

zinc) . 

Copper phosphate 

5 lb. 

do 

11 

- 4 

(Cu8(P04)a-3H,0) . 

4 lb. 

do 

15 


Check . 


do 

15 


Bordeaux mixture. 

Tribasic copper sulfate (53 
per cent metallic copper- 

6-2 

1936 

55 

41 

basic copper sulfate) .. 

6 lb. 

do 

19 

5 

Wettable sulfur (S) . . . 

6 lb. 

do 

15 

1 

Check . 


do 

14 


Bordeaux mixture. 

Cupro-K (copper oxy- 

6-2 

1937 

73 

66 

chlorides) . 

6 lb. 

do 

14 

7 

Check . 


do 

7 


Bordeaux mixture. 

Tenn. Copper 53 per cent 

6-2 

1938 

37 

22 

(basic copper sulfate) 
Tenn. Copper 26 per cent 

3 lb. 

do 

20 

5 

(basic copper sulfate) ... 
Copper oxalate 

3 lb. 

do 

18 

3 

(CuCA-lHoO) . 

4 lb. 

do 

14 

- 1 

Check . . . .. 


do 

16 


Bordeaux mixture . 

6-2 

1939 

62 

58 

Cuprocidc (cuprous oxide) . .. 

3 lb. 

do 

8 

4 

Check . 


do 

4 


Bordeaux mixtur-e . 

Yellow copper oxide (yellow 

6-2 

1940 

34 

7 

cuprous oxide) . 

Cuprocide 54Y (yellow 

lilb. 

do 

25 

- 2 

cuprous oxide) . 

3 lb. +1 qt. oil 

do 

30 

3 

CTieck . 


do 

27 


Bordeaux mixture. 

Sodium polyphosphate (poly¬ 

6-2 

1941 

81 

58 

phosphates of sodium) . 

Copper oxychloride sulfate 
(copper oxychlorides and 

4 + 1 lb. lime 

do 

36 

13 

sulfates) . 

COCS 65 (copper oxychloride- 

4 +1 lb. lime 

do 

27 

4 

copper basic sulfates) . 

Copper Hydro (copper basic 

6 lb. 

do 

39 

16 

salts) . 

5 lb. 

do 

25 

2 

Check . 


do 

23 


Bordeaux mixture. 

Fermate (ferric dimethyldi- 

6-2 

1942 

62 

41 

thiocarbamate) . 

3 lb. 

do 

44 

23 

Check . 


do 

21 


Bordeaux mixture . 

6-2 

1943 

51 


Fermate . 

3 lb. 

do 

37 


Fermate + Lime. 

3 lb. + 2 lb. lime 

do 

35 


Check .. 

. 

do 

73« 

































108 


Phytopathology 


[VoL. 38 


TABLE 1.— (Continuctl) 


Vurieties and treatment 

Amount of 
fungicide in 
100 gal. of 
water 

Year 

treated 

Av. yield 
of nuts 
per tree 

Increase or 
decrease in 
yield of sprayed 
trees over 
unsprayed 
checks 

Bordeaux mixture. 

6-2 

1944 

lb. 

40 

lb. 

29 

Check . 


do 

11 


Bordeaux mixture . 

6-2 

1945 

20 

19 

Dithane (disodium ethylene 
bisdithiocarbamnte (dry)) 

3 lb. 

do 

5 

4 

Dithane, Zinc sulfate, and 
Lime . 

3-1-i lb. 

do 

6 

5 

XT. S. Rubber No. 604—Phy- 
gon (2,3 dichloro naphtho¬ 
quinone 1,4) . 

3 lb. 

do 

3 

2 

Puratized N5-E (phenyl mer- 
curi triethanol ammonium 
lactate) . 

1: 15,000 

do 

5 

4 

Puratized N5-E . 

1: 20,000 

do 

4 

3 

Isothane Q-15 (lauryl iso- 
quinolinium bromide) . 

1 pt. 

do 

2 

1 

Check . 


do 

1 


Bordeaux mixture . 

6-2 

1946 

27 

27 

Bordeaux mixture H Omilite 

1 qt. 

do 

17 

17 

Polyethylene polysulfide 
(Omilite) . 

2iqt. 

do 

1 

1 

Puratized N5-E . 

1 qt. 

do 

4 

4 

337 (l-hydroxyethyl-2-hepta- 
decyl glyoxalidine) . 

1 Kill. 

do 

2 

2 

Do 

2 K»l- 

do 

3 

3 

341 (2-heptadecyl glyoxa- 

1 gal. 

do 

1 ’ 

1 

lidiiie) . 

Do 

4 gill. 

do 

o 

2 

Check . 

do 

0 


Moore Variety 

Bordeaux mixture . 

6-2 

1946 

77 

22 

Bordeaux mixture i Dupont 
spreader-sticker . 

4 oz. 

do 

87 

32 

Copper A (2-6 Cu(OH)j- 
CuCl.(CuO).) . 

3 lb. 

do 

94 

39 

Copper A -f Dupont spreaden - 
sticker. 

4 oz. 

do 

92 

37 

Fermate . 

3 lb. 

do 

83 

28 

Fermate Dupont spreader- 

sticker . 

Check . 

4 oz. 

do 

do 

83 

55 

28 


• Check trees accidentally sprayed one time—^tliird application—with Bordeaux mix¬ 
ture. 

year’^ of the sprayed trees after these have had the stress of a heavy crop 
the preceding season. Furthermore, the daily distribution of rainfall was 
less than normal in 1943. This condition retarded the progress of the scab 
disease. 

On the Moore variety in 1946 both Copper A and Fermate, with and 
without Dupont spreader-sticker, gave a greater increase in yield over the 
unsprayed check trees than did the Bordeaux mixture without the spreader- 
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sticker. This was probably because of the location of the trees, since the 
topography of the orchard prevented the randomization of the plots. How¬ 
ever, the scab infection during the growing season, as well as quality of the 
nuts at harvest, indicated that there was no significant difference in the 
quality of the nuts from plots sprayed with Copper A, Permate, or Bor¬ 
deaux mixture, either with or without spreader-stickers. 

In contrast to results with Copper A and Permate, the addition of the 
spreader-sticker to the Bordeaux mixture increased the yield of nuts. The 
quality of the nuts was not affected, however. 

The daily distribution of rainfall was above normal for 1946 at Albany, 
Georgia, but it was below normal at Monticello, Florida, which accounts for 
the high yield of nuts from the check trees at Monticello. 

Division op Fruit and Vegetable Crops and Diseases, 

U. S. Department of Agriculture, 

U. S. Pecan Field Station, 

Albany, Georgia. 



NATURAL INFECTION OF REPLANTED APPLE TREES 
BY WHITE ROOT ROT FUNGUS 

J. S. COOLEYl 
(Accepted for publication October 10, 1947) 

In the course of studies on root diseases of apple trees during the past 
15 years the white root-rot fungus, Corticvwm galactiimm (Fries) Burt, 
while relatively infrequent in occurrence, has been noted^ to cause the death 
of many trees in the affected orchards. This paper records the results of 
replanting apple trees where trees aifected with white root rot have been 
removed. It also discusses the source, persistence, and distribution of the 
infective material and the conditions favoring the infection of apple trees. 

REPLANTING EXPERIMENTS 

Replanting experiments have been carried on in 2 orchards where heavy 
losses from the disease have occurred. One of these orchards, located at 
Middletown, Virginia, in the Shenandoah Valley, contained 252 trees of the 
York Imperial, Grimes Golden, Winesap, and Staymaii Winesap varieties 
that were 27 years old at the beginning of the experiment in the spring of 
1937. This orchard was on land cleared of hardwood trees, predominantly 
white oak (Quercus alba L.). 

The other experimental orchard, located at Heards, Virginia, in the Pied¬ 
mont, contained 80 trees of the Winesap and Yellow Newtown varieties. 
This plot of 80 trees was part of a 50-acre orchard which was 18 years old 
in the spring of 1937 and was on land from which deciduous trees, predomi¬ 
nantly chestnut and some oak, had been cleared. 

At the beginning of the experiment there were gaps in the original stand 
of trees in both orchards. A detailed survey was made in 1937 to ascertain 
the number and location of the original trees killed by the white root-rot 
fungus. Two-year-old Delicious trees on seedling rootstocks were used for 
replanting both orchards in 1937,1939, and 1940. Since the location of each 
original white root-rot case was known, the replanting experiments, it was 
believed, would yield pertinent information on the fate of young trees 
planted in foci of white root-rot infection. 

In the replanting operations 3 methods were followed; (1) either 2 or 3 
bushels of rotted manure were incorporated in soil in which the young tree 
was planted; (2) a 4-inch layer of coarse manure was placed at the bottom 
of the 20-inch-deep hole, a layer of soil was added, and the tree was planted 
and mulched with coarse manure; (3) the tree was replanted in soil without 
the addition of any manure. 

1 Senior Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Kesearch Adminis- 
tratioiL United States Department of Agriculture. 

2 Ccoley, J. S., and Ross Davidson. A white root rot of apple trees caused by Cor- 
ticiMm fjalaoiinum. Phytopath. 30: 139-148. 1940. 

no 
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The results of the replanting tests are in table 1. Because of droughts 
and the lack of cultivation the replants had unfavorable growing conditions, 
and the mortality was greater than should be expected. The data recorded 
in the table show the condition of the original apple trees and of the re¬ 
plants in the Heards orchard in the summer of 1943 and in the Middletown 
orchard in 1944. 

Tree growth was best where replanting method No. 2 was followed and 
poorest with method No. 1. In spite of variations in growth response, no 
relationship was found between replanting method and subsequent infection 
by the white root-rot fungus. 


TABLE 1.— Loss of replanted apple trees where white root rot is present i/n the orchard 




Original trees 



Keplants (set in 1937) 

Condition at replanting time 
in 1937 

Condition in 1944 

Condition in 1944 

Trees alive 
(per cent) 

Trees dead from 
white root rot 
(per cent) 

Trees dead from 
other causes 
(per cent) 

Trees alive (per 
cent) a 

Trees dead from 
white root rot 
subsequent to 

1937 (per cent) a 

Trees dead from 
other causes sub¬ 
sequent to 1937 
(per cent)a 

Trees alive (per 
cent)b 

Trees dead from 
white root rot 
(per cent)*> 

Trees dead from 
other causes 
(per cent)** 




Orchard at Middletown, Va. 




66.6 

14.3 

19.1 

58.3 

3.5 

4.8 

66.7 

17.8 

15.5 




Orchard at Heards, Vas 




58.7 

15.0 

26.3 

48.7 

5.0 

5.0 

54.5 

27.3 

18.2 


• Based on original stand of 252 trees in the Middletown orchard and of 80 trees in 
the Heards orchard. 

Based on 84 replants in the Middletown orchard and 33 in the Heards orchard. Of 
the 84 replants in the Middletown orchard 36 were in white root-rot-infested sites, and 
of these, 15 died of white root rot by August, 1944. Of the 33 replants in the Heards 
orchard, 12 were in white root-rot-infested sites, and of these, 9 died of white root rot 
by July. 1943. 

c Final record taken in 1943. 

Further observations were made on the Middletown orchard in August, 
1946, when more of the original trees had died of the disease. By this time 
some of the replants set where the original trees were affected with white root 
rot were beginning to bear. In other respects there was little change since 
1944. The data indicate that apple trees set where white root rot was 
present are likely to succumb to the disease. As many as one-half such 
replants were affected by that disease in the period of 7 or 8 years. How¬ 
ever, some of the trees that were set where the originial tree was known 
to have been removed because of white root rot have grown normally and 
seem healthy after 7 to 10 years. The best replants are where coarse stable 
manure was put in the bottom of the hole and covered with several inches 
of soil before the tree was planted. 
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SOURCE^ PERSISTENCE, AND DISTRIBUTION OF INFECTIVE MATERIAL 

Closely related to the replanting experiments and furnishing an under¬ 
standing of some of the results is the study of the source, persistence, and 
distribution of infectious white root-rot material. 

The observations made prior to and during the course of the replanting 
experiments (a period covering 15 years) help to explain some of these 
factors. At Middletown, Virginia, for example, the original planting grew 
satisfactorily until the trees were 15 to 20 years old, and then trees began 
to die on a clay ridge whore the soil was poorer than in the rest of the or¬ 
chard. The white root-rot fungus was not recognized as being pathogenic to 
the apple trees at the time, and so it can only be inferred that Coi*ticmm 
galactinum was responsible for the killing of the trees. In recent years the 
large and thrifty but now older trees growing in the better soil are dying 
of the disease. 

Trees scattered over the orchard have continued to die of this disease 
during the time they have been under close observation. The disease usually 
attacks at the collar. The fungus, as shown by infected trees, does not 
radiate out from a focus of infection, as would be the case if the fungus 
spread through the soil, and this suggests dissemination by wind or manual 
means. When an apple tree is attacked by this pathogen it usually dies 
within 2 years after symptoms of the disease appear in its top, which dis¬ 
counts the probability that an affected tree is attacked many years before 
it dies. The trees in nearby apple orchards planted on land that was not 
newly cleared have not been affected by this disease. Nevertheless, the 
pathogen sporulates so freely that there is probably adequate wind dis¬ 
semination of spores to give infection to nearby orchards, provided the 
proper substrate is present on which the fungus can become established. 
Inoculation experiments and observation of diseased trees indicate that for 
infection to take place in nature, it is necessary to have a reservoir of food 
on which the fungus can grow, such as. woody material left on newly cleared 
land. Forest-tree stumps, and particularly the deeper roots, may serve for 
years as a substrate for the fungus; sporulation on diseased trees and their 
stumps probably provides inoculum for later infection of trees. 

These observations indicate that the infection of apple trees by the white 
root-rot fungus is dependent upon woody material in the soil. This becomes 
inoculated with the fungus, and from this reservoir of infected material 
living apple-tree roots become infected. Where this woody debris is lack¬ 
ing, as in an orchard on old land, the fungus presumably fails to become 
established. 

Searches have been made repeatedly for some wild host plant that is 
particularly susceptible to this disease. No evidence has been found that 
either the forest trees or the shrubby growth in the forest or other plants 
growing near an apple orchard are especially susceptible. On two occasions 
white-oak trees growing in proximity to an apple orchard were affected by 
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the disease, but in both cases the oaks were suppressed and also were growing 
in a poorly drained site. 

Observations indicate that after a forest tree has been cut down the 
stump is susceptible to the attack of this fungus, which can live there as a 
saprophyte until the stump is rotted. 

Leach® has noted that Armillaria mellea does not readily attack a vigor¬ 
ous living tree, but may readily attack a stump. A case has been observed 
by the present writer where ornamental shrubs were killed by Corticmm 
galactinum, which apparently spread from an oak stump to the ornamental 
plants. At the same time that the shrubs w^ere dying of the disease a black 
oak (Quercus velntina) was growing nearby in the infested soil and showed 
no evidence of being affected by the disease. The evidence at hand indicates 
that forest trees and shrubs are very rarely attacked by this fungus. It 
can, however, live as a saprophyte on stumps of various woody species and 
shrubby plants when growing in a soil containing inocnlnm. 

summary 

Replanting experiments have been carried on in 2 apple orchards in 
Virginia in which Corticium galactinum white root rot i)revailed. Several 
times during the 8 years of the experiment the dead trees have been removed, 
the cause of the death of the removed trees determined where possible, other 
trees planted, and a record kept of the condition of the replant. As many 
as 15 per cent of the original apple trees of each experimental plot became 
affected with white root rot. The original trees, which ranged up to'37 
years old, continued to die of the disease during the time the plots were 
under observation. During the period of the experiment, over one-half of 
the replants in infested soils became infected with white root rot. 

Observations on the restricted distribution and the conditions favoring 
infection and spread of the disease are reported. The general deduction is 
made that the presence in the soil of woody material is necessary for the 
start and maintenance of the pathogen as well as for subsequent infection 
of apple trees. 

Plant Inditstry Station, 

Beltsville, Maryland. 

a Leach, R. Biological control and ecology of Armillaria mellea (Vahl) Fr. Trans. 
Brit. Mycol. Soc. 23: 320-329. 3939. 



CYCLAMEN PETAL SPOT, CAUSED BY BOTRYTIS CINBRBA, 

AND ITS CONTROL 

0. M. Tompkins and H. N. Hansen 
(Accepted for publication September 26, 1947) 

INTRODUCTION 

A petal-spot disease, affecting commercial varieties of potted Persian 
cylamen {Cyclamen persicum Mill.), has been observed each autumn and 
winter since 1935 in certain greenhouses in the San Francisco Bay region 
of California. The conspicuous symptoms decreased the market value of 
affected plants. 

The results of inoculation tests and the method of controlling the disease 
are briefly discussed in this paper. 

REVIEW OP LITERATURE 

Although the gray mold disease of cyclamen plants, caused by Botrytis 
cinerea Pers. under conditions of high temperature and high humidity, is 
well known and frequently destructive on flowers, leaves, and petioles, it 
was not until 1938 that Wenzl,^ in Austria, called attention to a hitherto un¬ 
described petal-spot disease, also caused by B. cinerea, but prevalent in the 
cold, wet weather in late summer and fall of 1937. 

SYMPTOMS OP THE DISEASE 

Wenzl has adequately described and illustrated the symptoms of the 
disease affecting cyclamen petals, and hence only a brief, supplementary 
discussion is presented herewith. 

The petal spots, at first mere flecks, soon enlarge to form round but 
more generally elliptical-shaped areas, 1 to 4 millimeters in diameter (Fig. 1 
and 2). On pink, red, and salmon-colored varieties of cyclamen, the spots 
consist of an outer band of living tissue whose color is deeper than the nor¬ 
mal color of the petal and a very small center which at first is of normal 
color, soon becomes water-soaked, and finally tan and necrotic (Fig. 1 and 
2). On white-flowering varieties, the outer band of the spot first appears 
water-soaked while the center is necrotic; later the entire spot becomes ne¬ 
crotic. The spots, which may vary in number from a few to many, are scat¬ 
tered irregularly over the surface of the petal; usually between and with 
their long axes parallel to the veins. When heavily spotted, petals may be 
distorted. 

All colored and white varieties of cyclamen grown as potted plants in 
greenhouses for the florists’ trade appear to be susceptible when exposed 
to relatively low air temperatures (45° to 60° F.) and high humidities dur¬ 
ing the flowering season. 

iWenri, Hans. Botrytis cinerea als Erreger einer Fleckenkrankheit der Cyclamen 
Bliiten. Phytopath. Ztschr. 11: 107-108. 1938. 
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THE C AUSAL FUNGUS, BOTRYTIS CINEREA 

Each autumn aud winter since 1935, unsuccessful attempts were made to 
isolate an organism from spotted petals by means of tissue plantings on 
poured agar in Petri dishes and by placing infected petals in moist chambers. 
Finally, in 1945, pure cultures of Botrytis cinerca were obtained witli ease 
on poured plates and in moist chambers. No valid reason can be given for 
failure to isolate this fungus in earlier trials. 

Healthy white- and colored-flowering varieties of cyclamen were inocula¬ 
ted in a cool greenhouse during the fall and winter months of 1945 and 
1946. The potted plants, on saucers, were given a thorough watering late 
in the afternoon to provide the necessary humidity. Then the upper and 
lower surfaces of partly and fully expanded petals were atomized with 
spores of the fungus susi)ended in sterile-distilled water. Controls were 
atomized with sterile-distilled water, after which all plants were covered 
with glass jars. In 1945, a total of 10 white and 16 colored potted cyclamen 
plants, each with 6 to 10 or more flowers, were inoculated, while a corre¬ 
sponding number of plants served as controls. All petals sprayed with 
the organism became infected in less than 15 hours, while the controls re¬ 
mained healthy. The symptoms on artificially-infected petals were identical 
with those of naturally-infected specimens. In 1946, 6 white- and 12 col¬ 
ored-flowering varieties were inoculated; controls consisted of the same num¬ 
ber of plants. The results were comparable to those obtained in the preced¬ 
ing tests. The fungus was reisolated from each set of inoculated plants, and 
the reisolates were identical with the parent culture aud proved highly 
pathogenic. No infection of leaves and petioles was observed while these 
tests were in progress. 

The short incubation period for the disease under experimental con¬ 
ditions is in close agreement with observations made in commercial green¬ 
houses where rapid development and spread of the disease may occur within 
a matter of hours. 

CONTROL OF THE DISEASE 

In 1938, before Wenzl’s'^ publication was available and prior to the 
establishment of the true nature of the disease in California, an effective 
and practical method of control was devised. 

It is customary, locally, to grow cyclamen plants in continuously cool, 
well-ventilated greenhouses. When plants commence to flower in Septem¬ 
ber and October, the humidity is relatively low, and they are free from 
petal spot. With the advent of the rainy season in November, air tempera¬ 
tures decrease and the relative humidity increases. During the evening 
hours, apparently the high humidity provides ideal conditions for rapid 
infection. 

The disease may be controlled by changing the environmental conditions 
surrounding the plants during the evening hours. It was found that by 
2 See footnote 1. 



1948] 


Tompkins and Hansen: Cyclamen Petal Spot 


117 


closing the top or peak ventilators of the greenhouse at dusk, leaving the 
side ventilators wide open, and turning on the steam in each of two pipes 
on opposite sides and traversing the length of the greenhouse, the disease 
can be entirely prevented. While the heat thus provided is sufficient to re¬ 
duce the relative humidity to a point unfavorable for infection, it does not 
materially increase the air temperature. Early the next morning, the top 
ventilators are opened wide and the steam is turned off. This method then 
becomes a standard daily practice. Apparently air temperature is of sec¬ 
ondary importance, because the disease which has been observed over a 
wide range of low temperatures may easily be controlled by providing a 
drier atmosphere. 

This method of control has no effect on previously-infected petals. 
They should be excised from the plants before adopting the method described 
above in order to observe the full effects on the new flower buds as they 
open. New petals are always free from spotting. 

SUMMARY 

Petal spot of Persian cyclamen is prevalent in the late fall and winter 
months, coinciding with the rainy season, in greenhouses in the San Fran¬ 
cisco Bay region of California. 

Symptoms of the disease consist of small spots, round to oval, few to 
many, scattered at random between the veins of the petal. With colored 
varieties, the spots contain an outer area of deeply-colored tissue with a 
small, tan, necrotic center. On white varieties, the outer area is at first 
water-soaked, with a tan, necrotic center; later the entire spot becomes 
necrotic. No leaf infection occurs. 

The disease, first recorded by Wenzl in Austria, is caused by Botrytis 
cinerea. 

Healthy cyclamen plants were artificially infected in the greenhouse by 
atomizing with a spore suspension of the fungus. The incubation period 
on the petals was less than 15 hours. 

The disease is favored by relatively high humidity, accompanied by 
low air temperatures (45° to 60° F.). 

Prevention of the disease depends upon daily closing of the top venti¬ 
lators of the greenhouse at dusk, leaving the side ventilators wide open, 
and turning on two steam .pipes to provide drier air conditions during the 
evening hours. 

Division op Plant Pathology, 

California Agricultural Experiment Station, 

Berkeley, California. 



A PHYCOMYCETB PARASITIC ON APHIDS 


M. B. Habris^ 

(Accepted for publication October 13, 1947) 

In the potato growing areas of the State of Maine, aphids are the prin¬ 
cipal means of spreading virus diseases. During detailed studies on the 
problem of control of the various virus diseases attention was given to the 
abundance of aphids. It was observed that frequently fungi were appar¬ 
ently the cause of considerable mortality among the aphids, and an effort 
was made to isolate the species of fungi present on dead aphids. A collec¬ 
tion of fungus-infested aphids was made near Mapleton, Maine.^ The dis¬ 
eased insects were found on the underside of the older potato leaves. There 
were four species present: the green peach aphid, Myzus persicae (Sulz.); 
the potato aphid, Macroslphum soldnifolii (Ashm.); the foxglove aphid, 
Myzus convolvuli (Kltb.) {pseudosolani Theob.); and the buckthorn aphid, 
Aphis ahbreviata (Patch). The dead insects were cultured and the fungi 
isolated were held for study. After the field season, observations on aphids 
parasitized by fungi were continued in the greenhouse. Isolations of the 
fungi found on aphids growing on greenhouse plants furnished additional 
cultures for study. It was during the course of this work that the fungus 
described in this paper was isolated and later identified. 

• METHODS and MATERIALS 

Ill isolating the fungus dead aphids were placed on water agar on the 
bottom of a sterile Petri dish. Over each insect was placed a sterile Van 
Tieghem cell. Entomophthorous fungi are known to be phototropic, so 
the Petri dishes were placed in a cardboard box with light admitted through 
a small hole in the top. Within a few hours the fungus began to discharge 
spores against the lower surface of the cover slip on top of the Van Tieghem 
cell. Within 24 hours the spore mass was dense enough to be seen with 
the naked eye. 

Masses of spores were transferred from the cover slip to four types of 
media. An effort was made to provide media containing some form of pro¬ 
tein. Sawyer (7) working with fungi parasitic on the black-headed fire 
worms Ropohoia vacciniana found that among other things the yoke of eggs 
from which fat had been extracted by ether was an excellent medium for 
growth. A quantity of such medium was prepared and spores transferred 
under sterile conditions. Growth was slow with little aerial mycelium but 
numerous spores were produced. A second medium was made by adding 
three gm. beef extract and ten gm. gelatin to a liter of water agar. On this 

^ 1 Formerly assistant plant pathologist, Maine Agricultural Experiment Station, 
Orono, Maine. 

* Grateful acknowledgment is made to W. A. Shands for his aid in locating potato 
fields haying diseased aphids and his general interest in the study; and to Mrs. Flora Q. 
Pollack for identification of the fuiifirus and for literature citations. 
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medium the fungus made a slow growth. Later, a third medium was made 
using ten gm. dextrose in addition to the other ingredients of the second 
medium. The fungus still made a slow growth. A fourth medium used 
was malt agar. The fungus grew and sporulated vigorously. Spores were 
cast in the direction of strongest light and completely covered the under 
surface of a Petri dish top in a few days. 

IDENTIFICATION OP THE FUNGUS 

A study of the fungus in culture showed that the mycelium in the 
medium was much branched but the aerial hyphae were usually unbranched. 



Fio. I. Germinating conidiu of Entomophthora coronata showing papillae, secondary 
conidia, and segments of mycelium both filled with protoplasm and empty, x 100. 

The hyphae were rather large and averaged about 12 p in diameter. The 
conidiophores were mostly unbranched and erect. They were positively 
phototropic and similar to the mycelium in size and shape. The conidia 
were rather large and globose, with a prominent papilla at the base: they 
averaged about 30 in diameter. Under humid conditions and at room 
temperature, the conidia germinated very easily to give rise to mycelium or 
secondary conidia (Pig. l). In old cultures, a number of conidia which 
behaved as resting spores w^ere observed. These conidia had slightly thicker 
walls and were somewhat darker than young conidia but their most out¬ 
standing characteristic was a covering of blunt hairlike appendages over the 
entire surface (Fig. 2). Resting spores which had germinated produced 
conidia similar in appearance to those produced by conidiophores above the 
mycelial layer. In old cultures the hyphae produced septae making seg¬ 
ments which were either empty or filled with protoplasm. Those with proto- 
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plasm were observed to enlarge somewhat and to take on the appearance 
of a hyphal body wliich sometimes resumed growth when conditions were 
favorable. 

This fungus was first observed in the United States by Martin (6) who 
cultured it out of decayed wood. . He applied the name Conidwbolus villo- 
sun, based on the fact that the genus Conidiobohcs, founded by Brefeld (1) 
was distinguished from EntomojMhora because it is a saprophyte. Later 
work on the morphology and physiology of the fungus by Kevorkian (5), 
who found it on living termites in Cuba, showed that it was a parasite as 
well as a saprophyte. Kevorkian made a critical study of the morphology 



Fig. 2. Coiiidia of Entomophthora coronata in resting stage, covered with hlimt 
hair-like appendages, x 300. 

n 

and physiology of the fungus he isolated from termites together with the 
fungus isolated by Martin. He noted that a similar fungus was described 
earlier by Gallaud (4), who found spinose resting spores. Constantin (2) 
identified this fungus as Delacroixia coronata (Cost.) Saec. Kevorkian con¬ 
cluded that the parasitic nature of the organism, not observed by Martin 
together with its morphology as described by earlier workers warranted a 
new combination. He applied the name Entomophthora coronata (Cost.) 
Kevorkian. A study of the fungus found by the writer on the green peach 
aphid in the greenhouse shows that it is identical with that studied by 
Kevorkian and because of its parasitic habit should be described as Ento¬ 
mophthora coronata. This fungus was also found along with Empusa 
aphidis Hoff, in a collection of dead green peach, potato, and foxglove 
aphids from a potato field near Mapleton. 
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INOCULATION STUDIES 

In order to determine whether the fungus was pathogenic on the green 
peach aphid a method of natural inoculation was devised. Cultures of the 
fungus were grown on malt agar in 50-mm. Petri dishes. When the fungus 
was sporulating freely cultures were placed directly under potato leaves 
supporting a heavy aphid population. The Petri dishes were so placed that 
light came to the fungus through the potato leaf. The fungus east numer¬ 
ous spores against the lower surface of the leaf. Most of the aphids moved 
to some other portion of the plant, but there were a small number of aphids 
remaining which were diseased or dead. Upon being cultured the fungus 
was recovered. 

A second method of exposing aphids to the fungus was devised. Potato 
leaves were cut from a plant and all but the terminal leaflet removed. Each 
leaflet was infested with a large population of aphids. The stem Avas placed 
in w’ater and the leaflet placed over a Petri dish in which was a A’igorously 
sporulating culture of the fungus. After being exposed to the fungus 
spores for two days, the aphids were transferred to a potato plant pre¬ 
viously free of aphids. The following day and for several days thereafter 
a number of dead aphids Avere found on the under side of the potato leaves. 
Upon being placed on maltose agar they yielded cultures of the fungus. 
Although a large number of aphids Avere exi)osed to the fungus a relatively 
small proportion of them became infected. 

A number of aphids that had been exposed to the fungus Avere studied 
under magnification sufficient to enlarge the aphid ten times. Spores were 
observed clinging to various portions of the aphid body. Since, the fungus 
shows a preference for carbohydrates as a groAving medium and since the 
aphids secrete a carbohydrate substance known as lioneydcAV it seems pos¬ 
sible that the fungus may groAV into the body of the aphid on food material 
produced by the insect. 

DISCUSSION 

The biological control of the aphids in potato fields by means of fungi 
offers an interesting field of investigation. Dustan (3) has shown that bio¬ 
logical control of an insect by means of a parasitic fungus is possible through 
artificial culture and dissemination of the spores. The results o^ studies re¬ 
ported in this paper indicate that Entomoj)hih(mt coronata can be cultured 
rather easily, but only a small percentage of aphids exposed to it become 
infected. Field observations indicate that the fungus usually does not 
appear until the aphid population on a plant is very high. Under field 
conditions this fungus together Avith other species of entomogenous fungi, 
given favorable environmental conditions, have destroyed aphids on potato^ 
vines late in the season after the aphids were very numerous. By introduc¬ 
ing this and other species of entomogenous fungi into potato fields before 
such fungi normally appear, these studies suggest that aphids possibly could 
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be infected. An epidemic of fungus infection on the aphids might be 
started at a period early enough to have a possible value in aphid control. 

summary 

1. Under greenhouse conditions, a fungus, Enthomophthora coronata 
(Cost.) Kevorkian has been found to be parasitic on the green peach aphid. 

2. The fungus was grown on media containing both proteins and sugars. 
Best growth was observed on maltose agar. 

3. Inoculation experiments suggest that the fungus is pathogenic on 
aphids. 

4. A study of living aphids exposed to the fungus indicates that spores 
present on the body of the insect may germinate on honeydew secreted b}" 
the insect. 

5. The study suggests that this fungus may have some value as a natural 
agency of aphid control. 

Maine Agricultural Experiment Station, 

Orono, Maine. 
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PHYTOPHTHORA CINNAMOMI ROOT ROT OF AVOCADOS 
UNDER TROPICAL CONDITIONS^ 

BOWEN S. Grand ALL 2 
(Accepted for publication October 20, 1947) 

INTRODUCTION 

Ill 1944, soon after the start of organized pathological work at the 
Estacion Experimental Agricola de Tingo Maria and about 8 years after 
the opening of the region to colonization, dying and declining avocado trees, 
Persea americana Mill., were observed. The first cases were large, mature 
trees located on the properties of small landowners. These trees showed 
clear cases of collar rot followed by quick death and from them Fhytophthora 
cinnamomi Rands was isolated. Later the same year the disease was found 
in seedling and mature avocados being grown by the Station and P. 
cinnamomi was again isolated. Apparently the first recognition of the 
disease in this area, at least in this part of South America, was reported 
in 1945 (8). The disease is apparently the limiting factor to avocado grow¬ 
ing in this region. Because of the controversial nature of the evidence 
presented by various workers on the relationship between P. cimiamomi, wet 
soil, and the decline or collapse disease, it was necessary to undertake 
sufficient work to solve the problem locally, in order that recommendations 
could be made in regard to the avocado program. The results herein 
reported are based on observations and experiments on trees growing under 
conditions of high rainfall and often on poorly drained soils. The work 
was designed to determine whether P. cinnamomi is the primary cause 
of the decline or collapse disease, and if so, whether a resistant root stock 
can be found or methods of planting or site selection be used to eliminate 
the disease or hold it to a minimum. 

HISTORY OF THE DISEASE 

Avocado root rot caused by Phytophthora cinnamomi was first reported 
from Puerto Rico in 1929 by Tucker (10, 11). These first reports showed 
that conditions of waterlogging and P. cinnamomi had to be present to 
cause the disease. Wager (12) in 1940 reported the disease in California 
and expanded the experimental work demonstrating the connection between 
conditions on poor soil drainage and ability of the parasite to cause disease. 
Specific experimental evidence was presented showing that avocados grow- 

1 A contribution from the Estacion Central de Colonizacidn en Tingo Maria, Peru, a 
technical agricultural service organization for the Orient of Peru, operated jointly by the 
Direccion de Golonizacidn y Asuntos Orientales, Ministry of Agriculture of Peru and by 
the Office of Foreign Agricultural Relations, U. 8. Department of Agriculture. This study 
was made possible by funds provided through the Interdepartmental Committee on Scien¬ 
tific and Cultural Cooperation and funds from the Peruvian Government. 

2 Pathologist, Office of Foreign Agricultural Relations, United States Department of 
Agriculture, and Chief, Department of Plant Pathology and Entomology, Estacion Central 
de Colonizacidn en Tingo Maria. 
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ing in pots could be artificially infected with P. cinnamomi and disease 
symptoms produced if the pots were submerged for a period as short as 
2 or 3 days, while no infection or disease symptoms would appear in trees 
given normal watering. In 1941 Wager (13) reported the disease from 
Western Transvaal and Natal in South Africa. Field observations stressed 
the appearance of the disease on trees growing in heavy clay soils or on 
poorly drained sites. Stevens and Piper (9) reported what was later 
determined to be the same disease from Florida in 1941. Wager (14) in 

1942 amplified his earlier work demonstrating the relation between wet 
soil and the disease. 

An open discussion on decline of avocado trees on wet soil was reported 
in the 1937 California Avocado Association Yearbook (1). It seems evident 
that the problem under discussion was the root disease caused by Pliy~ 
tophthora cinnamomi, then unknown in California. The suggestion that 
waterlogging was causing the decline was questioned when it was brought 
out that the avocado came originally from regions of high rainfall. Various 
reasons were advanced to support the argument that waterlogging caused 
the disease, among tliem that in the tropics the trees grow on well drained 
soils or tliat they are adapted to the local condition. A heavy loss observed 
in Mexico after an unusually wet season was mentioned and the suggestion 
made that sudden change could be disastrous. Decline was again dis¬ 
cussed, by Rounds (8) in the 1939 Yearbook of the Association, and also, 
in the 1941 Yearbook (2) when Wager’s work (12) was mentioned. In 

1943 Klotz and Sokoloff (6) tentatively expressed the view that P. cinnamomi 
and other pathogenic fungi might attack the roots after they were predis¬ 
posed by iiijury following waterlogging. Parker and Rounds (7) in 1943 
showed the relation of soil moisture and drainage to decline of mature avocado 
trees and while citing work such as Wager’s (14) in relation to soil moisture 
and decline did not mention the connection of P. cinnamomi with this decline. 
In 1944 Harvey (5) reported the results of a survey made in California 
by the Emergency Plant Disease Prevention Project to determine the in¬ 
cidence of P. cinnamomi in relation to avocado decline. He isolated 
P. cinnamomi from the roots of 164 out of 268 healthy appearing trees grow¬ 
ing in close proximity to declining trees. Zentmyer, Klotz, and Miller in 
1945 (17) presented experimental evidence that tends to show that avocados 
decline in flooded pots regardless of the presence or absence of P. cinnamomi. 
Zentmyer and Klotz in 1947 (15) stated that P. cinnamomi may be a 
l)rimary factor in decline of avocado trees but later the same year (16) 
stated that poor drainage generally initiates the trouble. They further 
report that waterlogging and P. cinnamomi appear to be involved in decline 
and that trees in waterlogged soils will decline without the fungus being 
present but that the presence of P. cinnamomi will accelerate the decline. 

The relationship between soil moisture, drainage and P. cinnamomi is 
recognized on other hosts. Crandall, Gravatt, and Milburn (4) showed 
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the relationship of the recession of the American chestnut and chinkapin 
with conditions of soil drainage* and also report a number of nursery 
diseases of various hosts clearly linked with predisposing conditions of 
flooded soils. The relationship between high moisture conditions and 
parasitism by the genus Phytophthora in general is well known. 

GEOGRAPHICAL DISTRIBUTION 

Phytophthora cmnamomi is not listed in La Flora Fungosa Peruana by 
Garcia Rada and Stevenson published in 1942, on avocado or other hosts. 
The writer has heard verbal accounts of epidemic losses of avocados from 
root rot in other regions of Peru which occurred some years ago and that 
could have been caused by P. cinnamomi. However, so far as has been 
determined, the disease is present only in the Tingo Maria region. There 
seems no reason to suppose, however, that it may not be of widespread occur¬ 
rence on avocados wherever they are grown under environmental conditions 
favorable to the fungus. 


SYMPTOMS OF THE DISEASE 

111 this region two distinct methods of attack have been observed on 
both seedling and mature trees. The first is characterized by appearance of 
chlorosis followed shortly by sudden wilting and death (Fig. 1). The second 



Fig. 1. Healthy appearing avocado tree on left contrasted with, right, avocado 
wilting as a result of canker at the collar. 
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is a slow decline of the trees characterized by die-back of the branches 
and often typical drought symptoms in the leaves. In small trees with 
slow decline symptoms,* death usually follows during the same season but 
mature trees seem to partially recover during the dry season. Some trees 
under observation for three years, are still in little worse condition than 
when first observed. 

Light brown girdling cankers in the cambium and phloem tissue at the 
collar region and immediately below are found on trees showing chlorosis 
and sudden wilting. The advancing margin of the infection extending into 
healthy tissue is irregular and wedge shaped. The surface of this infected 
area is black or darker brown than the surrounding healthy bark. Isolated 
islands of infection and dead or infected small rootlets may be present or 
absent. In contrast, trees showing slow decline, either completely lack the 
infection at the collar or it is present on one side or portion of the collar only. 
The small rootlets are dead or infected, and islands of infection may be pres¬ 
ent or absent on the lateral and main roots. 

ISOLATION AND INOCULATION 

During the wet season Phytophthora cinnamomi appeared in all of the 
tissue cultures from the active cankers in the collar region, in 97 per cent 
from the smaller rootlets, in 18 per cent from the larger roots, and in 9 per 
cent from the islands of infection on the larger roots w^hen special techniques 
for Phytophthora isolation were used.*’ Isolation attempts during the dry 
season and isolation by routine methods have been uniformly unsuccessful. 

5:5ix one-year-old criollo avocados growing in boxes were used for a pre¬ 
liminary proof of pathogenicity following the first isolation of Phytoph¬ 
thora cmnamomi from a dying tree. Three were inoculated by placing a 
mycelial mat of the Phytophthora in the soil against the collar and three 
were left uninoculated as checks. The trees were not watered artificially 
but were left outside during the rainy season. The three inoculated trees 
died before the end of the wet season while the three check trees were still 
healthy at the end of the following dry .season. Phytophthora w^as recovered 
from the dying inoculated trees. 

A project was set up primarily to test the resistance, by inoculation, of 
the different races of avocado. In October, 1945, the Station received, 
through the U. S. Bureau of Plant Industry, Office of Foreign Plant Intro¬ 
duction, 100 seeds of the Gottfried variety (Mexican race), 39 seeds of the 
Family variety (an old Florida selection and probably from a cross of the 
West Indian and Mexican races), and 32 seeds of West Indian seedling 
selections. Eighty-two of the Gottfried variety, 11 of the Family, and 10 
of the West Indian seeds germinated and produced healthy plants. These 
were used with 130 criollo avocados, 19 of which were reserved as uninoc- 

8 Thebe methods principally consisted of placing carefully selected sections in sterile 
water blanks for periods varying from 3 to 5 days with frequent changes of water and 
then lightly surface sterilizing before planting on cornmeal agar. 
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ulated checks in a separate bed. The plants were in well drained beds of 
friable clay-loam and the varieties were separated by drainage canals. 
The plants were inoculated in late January and early February by 
I)lacing mycelial mats of Phytophthora cinnamomi against the collar of each 
tree. Two months later 80 per cent of all inoculated plants were dead or 
dying, and before the end of the dry season in September a 100 per cent 
loss had occurred. 

Phytophthora cinnamomi was isolated from the dying plants. The un¬ 
inoculated check plants showed no symptoms of disease throughout the wet 
season and the following dry season. By January, 1947, they uniformily 
showed symptoms of root rot and quickly declined. P. cinnamomi was iso¬ 
lated from these plants. 

EPIDEMIOLOGY 

Tingo Maria is at an elevation of approximately 2200 feet on the Ilual- 
laga River, a tributary of the Amazon in the Peruvian montaha. The year 
is divided into rather distinct wet and dry seasons. Records since 1940 
show an average rainfall for the 6 dry months of April through September 
of 43.25 inches, and of 91.66 inches for the 6 wet months of October through 
March. The driest month was July, 1943, with 1.2 inches, nnd the wettest 
month was December, 1945, with 25.8 inches. The wet season of 1940-41 
had the most rainfall, a total of 106.7 inches for the 6-moiith period. The 
1944-45 wet season had 78.6 inches and the 1945-46 wet season 99.1 inches. 
Soil pH of avocado sites ranges from 4.5 to. 7.0. 

Losses from root disease have been more noticeable either at the begin¬ 
ning or toward the end of the wet season, probably because symptoms are 
more in evidence at these times. The disease apparently appears at any 
time during the wet season and with the exception of trees parasitized 
during the wet season but dying after the onset of dry weather, is apparently 
inactive during the drier months. 

Avocados are not grown in the region in large plantings. The majority 
of the small land owners have a few trees each to produce fruit for home 
use and limited local sale. The bulk of these trees are criollo seedlings. 
No losses of epidemic proportions in any given area have occurred. From 
time to time a loss of one or two isolated trees is observed. In almost every 
case observed of trees developing chlorosis and sudden wilting, healthy 
trees remain on closely adjacent sites. Individuals and small groups have 
died on poorly drained sites but healthy individuals remain on adjacent 
equally poorly drained sites. Likewise similar losses on well drained sites 
have been adjacent to apparently healthy trees. Examination of the root 
systems of these apparently healthy trees has disclosed that the roots and 
rootlets were generally in good condition, although some rootlets were dead 
and some isolated cankers were present. The direct cause of the wilting 
and death were girdling cankers at the collar. Phytophthora cinnamomi 
was isolated from the girdling cankers. 
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Only one instance of what might be called slow decline or die-back has 
been observed. This is in a grove of mature and semi-mature trees located: 
on the grounds of the Experiment Station. This group presents in greater 
or less degree, the die-back and decline symptoms. Only a few have died 
and the condition of the remainder appears little worse now than 3 years ago. 
At least partial recovery seems to take place during each dry season. 
Partial excavation of the root systems has shown a surprising lack of living 
small rootlets. Phytophthora cinnamomi has been isolated from the dying 
rootlets on these trees. The trees are growing on a site which is wtII drained 
but with heavy clay soil. 

During the current wet season symptoms of drought in the leaves and 
die-back appeared in beds of seedling avocados being grown for use as 
budding stocks in the same general area but on a loamy soil. Higlier and 
better drained parts of the beds were at first unaffected. Examination of the 
seedlings with drought symptoms and die-back showed that almost all the 
small rootlets were dead or dying. No collar infections were found. Phy- 
iophthora cinnamomi was isolated from a high percentage of the dying 
small rootlets. 

CONCLUSIONS 

Studies of the disease made in this region, under environmental con¬ 
ditions which are probably normal for the avocado, perhaps give a clearer 
picture of the disease as a whole than studies made in regions where the tree 
has been introduced and is growing under abnormal conditions. Any con¬ 
troversial issues of the role of pathogen versus wet fe^t do not seem to be 
important whei’e the tree is growing normally under-rather Avet conditions. 
The reported experiments which tend to show that Phytophthora cinnamomi 
is a pathogen only when the tree is subjected to conditions of poor drainage, 
actually probably only reproduce conditions which often occur in regions 
where the tree is in its normal environment. 

Viewed in relation to the appearance of this disease in the Tingo Maria 
region the various views previously summarized do not present a controver¬ 
sial issue. Each presents a portion of ihe picture and the sum total seems 
merely to show that under certain conditions the disease is not a factor un¬ 
less soil conditions approach those often normally present in the tropics 
during the wet season. Undoubtedly trees grown under dry conditions 
with root system developed for these conditions would suffer if the environ¬ 
mental conditions change toward the wet side. Likewise such ti’ees would 
then be growing under conditions ideal for attack by Phytophthora cinna¬ 
momi. 

Seen under local, normal conditions this disease does not appear differ¬ 
ent, except possibly in degree, from other root diseases caused by Phytoph 
thoras. Like many such Phytophthora-induced diseases, conditions of high 
soil moisture are usually required before the fungus parasitizes its host. 
Whether these conditions constitute predisposing conditions by adversely 
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affecting the host or whether they only create the conditions necessary for 
growth of the fungus is beside the point. Probably, dependent upon the 
amount of shift of the environmental conditions away from the optimum 
for the host and toward that of the parasite, both occur. The writer per- 
sonallj^ feels that in this and other tropical and subtropical Phytophthora- 
induced’root diseases the effect of the change toward wetter environment is 
more important to the fungus parasite than the host. Improvement of 
planting techniques and site selection with the objective of better soil drain¬ 
age have given beneficial results in the case of this disease as well as others, 
when a susceptible host must be grown in the presence of a Phytophthora 
parasite. 

In the face of this disease, widespread planting of avocados is not being 
encouraged in this zone. For such trees as are planted only the better 
drained sites on sandy or loose, friable soils are recommended. The uniform 
susceptibility of the avocado ra(*es thus far tested indicates that develop¬ 
ment or selection of a resistant root stock is not a likely possibility unless 
some resistant parent type exists. Search is still being made for such a 
type. 

SUMMARY 

Phytophthora cinnamomi, root rot of avocados, has been found in the 
Tingo Maria region on well and poorly drained soils, on light and heavy soils, 
and on mature and nursery age trees. In all cases examined, healthy trees 
were growing on the same sites and under similar conditions but without 
disease. Two manifestations of the same disease have been studied. Ma¬ 
ture and nursery age trees which develop chlorosis and sudden wilting (what 
apparently is called quick decline in California) are infected at the collar 
region with girdling cankers. Slow decline and die-back on both mature 
and nursery age trees apparently are caused by infection and death of the 
smaller rootlets, with the main roots and collar generally free from infection. 
Phytophthora cimiamomi has been isolated from both types of infections. 
The pathogenicity of the strains isolated has been demonstrated by artificial 
inoculation on trees growing under normal wet season conditions, with symp¬ 
toms of chlorosis and sudden wilting. The fungus has been recovered from 
inoculated trees following the appearance of the symptoms. TTniiioculated 
check trees, growing under identical environmental conditions, have re¬ 
mained healthy. 

U. S. Department op Agriculture 

AND 

Estacion Central de Colonizacion, 

Tingo Maria, Peru. 
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GLOEOSPORIUM DECAY IN GRAMINEAE' 

Roderick Spragiie2 
(Accepted for publication October 22, 1947) 

Ill an earlier report (7), Gloeosporium sp, was mentioned as present on 
the roots of various {rrass and cereal hosts in North Dakota but, except for 
one instance, it had proved non-parasitie. Recently the writer (8) reported 
that several isolates of a carrot-red, mucose Oloeosporitim caused seed rot 
of various plants in sterilized soil. On the basis of this work, further 
study was made with the Gloeosporium that produces carrot-red masses 
of conidia on potato-dextrose aj?ar and also with a common strain that de¬ 
velops pink masses of conidia on the same medium. 

HOST RANGE AND GEOGRAPHICAL DISTRIBUTION 

This fungus has been isolated from 121 species of cereals and grasses 
and its host range on this family appears to be virtually unlimited. It 
would appear, therefore, to be unnecessary to list so lengthy an array of 
hosts in this article. All cereals and common species of grasses in North 
Dakota harbor the fungus. 

This species has been isolated from field material collected in Minnesota, 
North Dakota, South Dakota, Nebraska, Wyoming, Montana, and eastern 
Washington, and it probably occurs over a far wider area. 

PURE CULTURES 

The fungus is readily isolated on potato-dextrose agar from water agar 
plates of water-washed roots and crowns. The isolates grow very slowly at 
first but eventually they cover test tube slants with yeasty masses of conidia. 
The isolates, which form pink spore masses, first produce pale cream- 
colored colonies. These soon become bright pink masses of conidia that 
eventually germinate to form black smooth or wrinkled carbonaceous colo¬ 
nies. Sometimes pycnidium-like stromata are formed. On sterilized sand 
plus 0.85 per cent bran and 0.5 per cent dextrose, the colonies are gray, 
cottony, and composed of true mycelium. Sometimes chlamydospores 
similar to those formed by Fusarium axysporum (Schlecht.) em. Snyder 
and Hansen occur. 

The isolates that produce carrot-red masses of conidia are possibly some¬ 
what slower in forming black stromatic hyphae. There are a few isolates 

1 Cooperative investigations between the Divisions of Cereal Crops and Diseases, 
Forage Crons and Diseases, Soils, Fertilizers and Irrigation, Bureau of Plant Industry, 
Boils, and Agricultural Engineering, Agricultural Research Administration, Nursery Di¬ 
vision, Soil Conservation Service, United States Department of Agriculture and the North 
Dakota and Washington Agricultural Experiment Stations. Published as Scientific Paper 
No. 736, College of Agriculture and Agricultural Experiment Station, State College of 
Washington, Pullman, Wash. 

2 Formerly pathologist, Division of Cereal Crops and Diseases and collaborator. 
Division of Forage Crops and Diseases. 
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that are intermediate in color between the pink and the carrot-red types 
while there are still other isolates that scarcely sporulate at all and resemble 
cultures of Phoma. 

In an earlier article (7) the writer reported 919 pure cultures of 
Gloeosporium out of a total of 22,832 cultures of all fungi isolated up to 
that time. Gloeosporium thus constituted about 4 per cent of the total. 
In 1944, Gloeosporium averaged 6.7 per cent of the total while during the 
cool season of 1945, it averaged over 14 per cent of that year’s isolates. 
During mid-January, 1946, 26 per cent of the isolates from dormant grasses 
were referable to Gloeosporium (8). In these January isolates of Gloeo- 
sporiiim, 96 were the pink strain while 52 were the carrot-red one. The 
pink strain usually has been the more common one, particularly during the 
summer months. Both strains, however, were isolated from necrotic roots 
during all months of the year. In 1947, a dry season, only 1 per cent of 
the isolates from the roots of Gramineae at Pullman, Wash., were Gloeo- 
sporiiim. 

Artificial I noculations 

This species appears to be one that performs erratically under artificial 
inoculation conditions. Inoculum was increased on the sand-bran-dextrose 
formula under aseptic conditions in milk bottles and added one inch beneath 
the seed in electrically sterilized soil in 14x20x4 inch flats in the green¬ 
house. The temperature was variable, ranging from 55° to 80° F. during 
the latter part of the winter of 1945-46. 

The results of all recent inoculation trials with Gloeosporium are sum- 
inarized in table 1. Pen'ciitage loss was calculated the same as in earlier 
trials (7). Seven tests with the x)ink isolates showed two parasitic isolates, 
two that were (piestioiiable, and three that were non-parasitic. Of the 
carrot-red isolates, five were positive, one f|uestionable, and two negative. 
Of the five carrot-red isolates that were x>ositive, however, only three were 
original field isolates Avhile the other two were reisolates from one of the 
original positive cultures. 

All of the results indicate that Gloeosporium is short lived under artifi¬ 
cial greenhouse conditions. Ax)j)arently saprophytic contaminants (mostly 
bacteria) soon suppress it in these greenhouse trials. Before the fungus 
is suppressed, however, it sometimes causes complete pre-emergence death 
of the seed of some hosts such as blue grama or alfalfa. Plants with larger 
seeds such as corn, beans or pumxikins, had sufficient food reserve to permit 
the seedlings to survive and recover. In one case, however, even pumpkins 
were not only retarded but the seed rotted. Sometimes wheat had all the 
roots stubbed off by Gloeosporium so that the stunted culm and the attached 
brown, decayed seed were readily lifted from the flat. 

As mentioned, infection is very erratic wdth the methods used and there¬ 
fore no attempt was made to distinguish race differences. For this, it 
probably will be necessary to work out a technique similar to that used by 
Jaarsveld (3) with Rhizocionia solani. 



TABLE 1 .—Results of inoculating sterilized soil at seeding time with sand-hran-dexjrost cultures of Gloeosporium sp. in the greenhouse at Mandan, 
N, Dak., 1941-^1946 
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The results obtained indicate that both the pink and carrot-red strains 
are sometimes capable of causing seed rot but that the species is seldom 
actively parasitic. Isolates frequently were obtained from plants growing 
in nitrogen-starved soil, in crowded volunteer stands, or from plants growing 
in cool wet soil. The fungus apparently is a competitor with the plant 
roots for soil nutrients and its action in general is probably detrimental. 
The fungus needs study to determine its straw-rotting ability and to de¬ 
termine if its injury is possibly the result of enzymatic action. 

MORPHOLOGY 

Conidia of both the pink and carrot-red strains appear to be identical 
(Pig. 1) although spores of the pink form tend to ‘‘blow up^^ to a larger 
size in old, semi-vacuolated spores. Younger but mature spores of both 
types are hyaline and non-guttulate but they soon become 1-4 guttulate 
and somewhat distended. The spores average 4-9 x 1.7-3.0/i but some 



Fig. 1. Conidia of Gloeosporium holleyi from pure cultures on potato-dextrose agar. 
A, from culture 3679 B-5, })ink strain, isolated from Jlordeum hrevisuhulaiumy under snow, 
Mandan, N. Dak., Jan. 17, 1946. B. from culture 49 A-2, pink strain, isolated from 
Agropyron criatatumt Huron, South Dakota. C. from culture 5 B-1, intermediate strain, 
from A. cristaium, Mandan, N. Dak, 71. from culture 3703 B-3, cafrot-red strain, from 
Elymun canadensift^ Mandan, N. Dak, (All x 1000.) 

are as wide as 4/*; and extremely swollen or distorted ones average con¬ 
siderably larger. 

Scattered among some of the colonies of conidia are chloriiious chlamy- 
dospores with the inner wall (endospore) somewhat reticulate. The hyphae 
formed from germinating spores are variable but usually are compacted to 
a carbonaceous, almost amorphous mass in older cultures. Bodies formed at 
the edge of older cultures appear to be stromatic. 

TAXONOMY 

Many workers have seen this Gloeosporium on Gramineae but it has 
frequently been confused with Colletotrichum graminicola (Ces.) G. W. 
Wils. The spores of the latter as given by Manns (C. cereale Manns) (6) 
are spindle-form to boat shaped, 18-26 x 3-4 p . In addition C. gramini’ 
cola, according to Manns, produced steel gray to dark gray, compact downy 
growth and sporulation was not plentiful. The Gloeosporium under study 
has spores 4-9 x 1.7-4.0 p and typically produces primary mucose colonies 
very different from those of C, graminicola. Because of the absence of setae, 
it belongs in the genus Gloeosporium. 
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Colletotrichum graminicola was reported on cereals in North Dakota 
by Bolley (1) but an illustration (by Milbrath, Fig. 21, a) in that article 
indicates that the North Dakota workers were probably dealing, in part at 
least, with the same Oloeosporium sp, that is the subject of this article. 
Boning and Wallner (2) describe a seedling blight, wilt, and footrot due to 
C. graminicola in Germany, while Sanford (5) found that this species 
caused a root rot in oats near Edmonton, Alberta. Winter (9) found the 
same type of fungus on wheat, barley, rye, and oats in Germany. All of 
these workers appear to have been dealing with the true Collet otrichum 
and not Gloeosporium. 

There are two species of Gloeosporium described on Gramineae, both by 
Rostrup from Denmark (4). G, graminum on Lolium multiflorum has 
spores 11-14 x 4-6 fx while G. daciylidis on Dactylis glomerata has small 
spores, 5x1 fi. Neither is similar to our fungus, which appears to be 
undescribed in spite of its prevalence. Since the most obvious name 
{graminum) has been used and since the host range and geographical 
distribution are so extensive, it appears desirable to name this species for 
an individual. We tlierefore name this for Henry L. Bolley, who noted 
the fungus early in the rootrot work and who pioneered in this subject. 
The fungus is described as follows: 

Gloeosporium bolley! sp. nov. 

Accrvulis (pseudopionnotcs) in cultura copiosis, mucosis primo incarnatis v. aurantio- 
rubris demuni nigris, carbonaceis; eouidiis numerosis in cultura, hyalinis, subphaseoliformi- 
bus V. oblongis, eguttulatis v. denium guttalatis, 4-9 x 1.7-4.0 jx, plerumque 5-8 x 1.9-2.5 p,. 

Hab. in rhizoidcis languidis Gramincarum, North Dakota, South l)akota, Nebraska, 
Wyoming, Montana, Minnesota et Washington. Typus cst cultura 4180B-4, ex Tritico 
aestivOf Mandan, North Dakota. 

The description is based on pure cultures of the fungus. The culture 
used as the type is a typical pink strain isolated from common wheat in the 
rotation plots at the Northern Great Plains Field Station, Mandan, N. Dak. 
Dried sub-cultures of the type have been preserved and filed in several 
herbaria. 

SUMMARY 

Gloeosporium holleyi Sprague is common on the roots of many species 
of grasses and cereals in the western United States. Under artificial in¬ 
oculation conditions in the greenhouse it sometimes causes seed rot and root 
necrosis of small grains and grasses. 

The writer is again indebted to Miss Edith Cash for checking the Latin 
description and to Dr. A. G. Johnson for editing the manuscript. 
Department op Plant Pathology, 

Washington State College, 

Pullman, Washington. 
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PHYSIOLOGICAL EXHAUSTION OF STRxVWBERRY PLANTS 
AS A FACTOR IN WINTER KILLING 

E. O. Mader and a. W. Feldman 
(Accepted for publication October 28, 1947) 

Mulching strawberry plants after they have been subject to “hardening” 
temperatures has reduced winter killing in Minnesota. Plants were injured 
when hardening temperature fell below -6° C. and were killed at tempera¬ 
tures of -12°C. and low^er (2). Freezing and thawing temperatures, 
especially those ranging from -6° C. to 6° C., occur during the fall and 
spring when strawberry plants are not mulched and occur frequently 
under the ice mulch cover during winter and spring. The question arises 
as to whether such fluctuating temperatures bring about physiological 
changes in the plants to make them more subject to winter injury or to 
predispose them to soil inhabiting pathogens. 

KXPERIMENTAL MATERIALS AND METHODS 

Field-grown, current-season plants of the variety Senator Dunlap ob¬ 
tained from Allens Nursery, Salisbury, Md., were used. These plants w^re 
obtained on two different dates, October 21 (Series 1) and November 15, 
1946 (Series 2). The root systems for plants of both series'were well 
developed, but plants of series 2 had more leaves and more fully formed 
crowns than plants of series 1. 

Although the plants were free of disease so far as could be ascertained, 
undoubtedly some of them had incipient infections by root-rotting fungi. 
They also carried with them on their roots several organisms not necessarily 
pathogenic to them. In order to assure the presence of soil inhabiting 
pathogens, all plants of series 1 and part of those of series 2 were inoculated 
with isolates of Fvsarium pathogenic to strawberry plants. The Fusarium 
isolates were grown on a sand-cornmeal medium. The plant roots w^ere 
immersed in a suspension of these fungus cultures and were wrapped in 
moist sphagnum moss prior to storage. The plants were examined periodi¬ 
cally throughout the storage period and the sphagnum wrappers were kept 
moist. Plants were stored at a constant temperature (3° C.) or at a 
fluctuating temperature (3° C. alternating wdth -3° C.) for 12, 14, or 24 
days (Table 1). 

After each respective storage period, five plants were selected at random 
for analyses of total sugars (reducing and non-reducing) and starch. 
Triplicate determinations were made on each group from 2-gram, dry- 
weight samples. The Hagedorn-Jenson method for sugar determination 
was used (3). The remaining plants were potted in sterilized soil and 
placed in a greenhouse at 16.5° C., where they had 14 hours of light per 
day to insure the longday effect on growth. 

1 Paper No. 2344, Scientific Journal Series, Minnesota Agricultural Experiment Sta¬ 
tion, 1947. 
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TABLE 1.— Storage conditions for strawberry plants 

Series Number of days in storage at Total number 

and -- ' of days in 

lot 3® C, - 30 C. 3<’ C. - 3<» C. 3^ C. - 3^ C. 3"> C. - 3^ C. 3<» C storage 

1, A 14 . . 14 

1, B 4 6 4 . .... 14 

2, A 12 . 12 

2, B 24 .... . 24 

2, C . 3 3 4 2.. .12 

2, D . ... 3 3 4 2 3 3 3 3 24 


ANALYSES, RESULT, AND DISCUSSION 

There was more sugar in the roots and tops of plants subjected to 
alternate freezing and thawing during 12 and 14 days of storage than in 
plants stored for the same times at a constant temperature of 3° C. (Table 1). 
After 24 days in storage, sugars had increased slightly in the roots, but 
decreased slightly in the tops of plants held at a constant temperature of 
3° C.; but the sugars in the entire plants were approximately the same as 
they had been after 12 days in storage (Table 2, series 2, B and A). At 
fluctuating temperatures there was a lower sugar content in both roots 
and tops of plants stored for twenty-four days than in plants stored for 
twelve days (Table 2, series 2, D and C). 

Starch content decreased very rapidly in the roots and rather slowly 


TABLE 2. —Sugar and starch determinations for strawberry plants stored at a con¬ 
stant temperature or at flnctuating temperatures 



Stored at 3^ 0. 

Stored at 3° 
iiating with 

C. alter- 
-3<> C. 

Determinations 

Milligrams of sugar or starch 

in one gram dry tissue 


Roots 

Tops 

Roots 

Tops 


Series 1 


Series 1, 


Total sugars . 

. (iO.O 

30.0 

70.0 

43.0 

Reducing sugar. 

. 50.7 

25.0 

55.0 

36.3 

Nonreducing sugar .. 

. 9.3 

5.0 

15.0 

6.7 

Starch as glucose 

. 22.5 

31.3 

17.5 

27.5 


Series 

S,A 

Series 2, C 

Total sugars . 

98.0 

40.0 

115.0 

48.0 

Reducing sugar .... 

.. . 76.0 

40.0 

91.5 

41.3 

Nonreducing sugar .. 

. 22.0 

0.0 

23.5 

6.7 

Starch as glucose ... 

45.0 

50.0 

40.0 

45.0 


Series 

2,B 

Series 2 

D 

Total sugars . 

. 102.5 

35.3 

98.0 

30.0 

Reducing sugar . . 

. 78.5 

35.3 

76.5 

29.0 

Nonreducing sugar . 

. 24.0 

0.0 

21.5 

1.0 

Starch as glucose . 

. 25.0 

48.1 

21.9 

37.5 


• Series 1, A and B were stored for 14 days; Series 2, A and C for 12 days; Series 
2, B and D for 24 days. 
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in the tops as the storage period lengthened. There was less starch in the 
plants stored at fluctuating temperatures than in those held at constant 
temperatures (Table 2). 

Plants of series 2, which had a relatively vigorous crown development 
when placed in storage, contained more total sugar and starch in their 
roots and tops after twenty-four days of storage than those of series 1 that 
were stored only fourteen days. 

New roots and shoots were observed on plants removed from storage 
and placed in the greenhouse for twelve days. They appeared on a higher 
percentage of plants stored at fluctuating temperatures than on plants stored 
at a constant temperature, regardless of the length of the storage (Table 3). 
Cold treatment apparently had a stimulatory effect on the plants, and re- 

TABLE 3.— Growth responses of strawberry plants in the greenhouse after different 
storage temperature treatments 


Percentage of plants in each growth 
response class after 




Total 
number , 


12 days 



36 days 


ncricH ana storage couaition 

of 

plantsa 

Dead 

Inactive 

Weak 

Vigorous 

Dead 

Inactive 

IVeak 

Vigorous 

Series 

A. 

1 (14-day storage) 

3® C. 

30, Inoc. 

0 

.60 

40 

0 

17 

0 

40 

43 

B. 

3° C. alternating with - 3° C. 

30, Inoc. 

10 

33 

57 

0 

60 

0 

33 

7 

Series 

A. 

2 (12-day storage) 

3° C. 

10 

0 

90 

10 

0 

0 

0 

20 

80 

A. 

3° C. 

20, Inoc. 

0 

70 

30 

0 

10 

0 

20 

70 

C. 

3® C. alternating with - 3° C. 

10 

0 

30 

60 

10 

30 

0 

40 

30 

C. 

3® C. alternating with - 3° C. 

20, Inoc. 

5 

20 

75 

0 

40 

0 

35 

25 

Scries 2 (24-day storage) 

B. 3° C. 

10 

0 

80 

20 

0 

10 

0 

20 

70 

B. 

3° C. 

20, Inoc. 

0 

60 

40 

0 

15 

0 

20 

65 

D. 

3® C. alternating with - 3® C. 

10 

0 

30 

70 

0 

50 

0 

40 

10 

D. 

3® C. alternating with - 3° C. 

20, Inoc. 

10 

15 

75 

0 

60 

0 

30 

10 


»Inoc. signifies that the plants were inoculated with Fiisarium isolates. 


suited in an earlier growth response. This growth response did not result in 
more vigorous plants, because, after thirty-six days in the greenhouse, vigor¬ 
ous plants were more numerous in the lots stored at constant temperature. 
The higher sugar content in roots and tops of the plants stored at the 
alternating temperatures can be considered responsible for the earlier or 
quicker growth response. The depleted carbohydrate reserve however was 
not sufficient for subsequent growth and establishment of the plants, hence^ 
many of them remained weak or died. 

A similar growth response was observed after cold treatment with 
chrysanthemum cuttings by Mader and Phillips.* These workers subjected 

2 Mader, E. O., and Kyle Phillips. Induced root formation of chrysanthemum cutting 
by low temperatures. Not published. 
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chrysanthemum cuttings to temperatures ranging from 0.5 to 1.5° C. and 
found that such an exposure (6-21 days depending on varieties used) was 
equal in its effect to the treatment of cuttings with 50 p.p.m. indole butyric 
acid solution. Furthermore, such cuttings treated at low temperature 
(and also cuttings treated with indole butyric acid) contained a higher 
percentage of total sugars and less starch than nontreated cuttings. For 
any given variety used there was an optimum range within the low tempera¬ 
ture treatment that gave not only an earlier rooting but also allowed for 
a normal development of the tops. When this range was overstepped, 
the time necessary for rooting was decreased but at the expense of shoot or 
top development, so that either a weak plant or death often resulted. 

Strawberry plants stored at constant temperature (3° C.) survived better 
than those stored at fluctuating temperatures (3° C. alternating with -3° 
C.). Sixty per cent of the plants in series 1, B, were dead 36 days after 
removal from storage at fluctuating temperature as compared with 17 per 
cent in series 1, A which had been stored at constant temperature (Table 
3). Comparable losses occurred in series 2, but because plants of series 2 
had greater vigor than those of series 1 before storage, the losses did not 
reach 60 per cent and 17 per cent, respectively, unless the storage period was 
24 days. 

Inoculation with isolates of Fusarium known to be pathogenic to straw¬ 
berries appeared to increase losses only slightly (Table 2). Approximately 
10 per cent more of the inoculated plants died than noninoculated plants. 
To what extent these losses are due to a weakening of the plants which 
results in physiological exhaustion and finally death, or due to the action 
of soil-inhabiting pathogens, or to the interaction of these factors remains 
to be proven. 

Similar results were obtained by Eide and Voorliees,^ who subjected 
inoculated and noninoculated plants (inoculated with isolates of Fusarium 
pathogenic to strawberries) to temperatures of -3° C. There wei*o numer¬ 
ous lesions on the roots of inoculated plants and they wilted after they were 
removed from the low temperatures and placed in the greenhouse. The 
noninoculated plants also subjected to freezing treatments did not differ 
greatly from the noninoculated plants left in the greenhouse for comparison. 
Plants inoculated but not subjected to freezing had few lesions on the roots 
and there was no loss of vigor. These results are- in agreement with those 
found by the present writers, except that in our experiments noninoculated 
plants subjected to alternate freezing and thawing were greatly impaired in 
vigor. It is possible that presence of incipient infections or activity of 
saprophytes on the roots of these field grown plants may account for this 
difference. 

It is a known fact that when temperatures are below 4.5° C., carbohy¬ 
drates are transformed in many plants (5, 6). This is followed by marked 
acceleration in respiration, particularly when temperatures drop to about 

•8 Eide. Carl J.. and E. K. Voorhees. Unpublished data. University of Minnesota. 
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0° C. (1, 4). Under the conditions of these tests carbohydrate conversion 
and apparent increased respiration took place in the strawberry plants. 
This conversion was also apparent in the plants stored at the constant 
temperature of 3° C. (a storage temperature of 5° C. was not available 
during the time these were run) but was more pronounced in those kept at 
the alternating temperatures during storage. The decrease of starch and 
in particular the decrease of sugar in the plants held for 24 days at the 
alternating temperatures suggest that indreased respiration under these 
conditions must have been responsible for the physiological exhaustion 
and subsequent death of the plants. 

These experiments indicate that strawberry plants subjected to alter¬ 
nating freezing and thawing temperatures will undergo a physiological 
weakening or exhaustion leading to ultimate death. Soil inhabiting plant 
pathogens are not necessary to bring about the death of such plants, but 
their presence will be a contributing factor in the killing of the plants. It 
appears that whatever means and methods are taken to maintain the carbo¬ 
hydrate reserve in the strawberry plants will reduce the probability of 
losses due to winter-killing. 

University Farm, 

St. Paul, Minnesota. 
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THE CARBOHYDRATE METABOLISM OF GERMINATING 
PHYMATOTRICHUM SCLEROTIA WITH SPECIAL 
REFERENCE TO GLYCOGEN ^ 

David R. Ergle 2 
(Accepted for publication Noveml)er 3, 1947) 

Previous studies (3, 4) of the root rot fungus, Phymatotrichum omnu 
vorum, provided the basis for the work here reported. In those studies it 
was observed that sclerotia, formed in soil cultures of the fungus, continued 
to accumulate substantial amounts of polysaccharides during a 65-day de¬ 
velopmental period. The major portion of the polysaccharides was identi¬ 
fied as free and bound glycogen which together comprised approximately 37 
per cent of the dry-weight of mature sclerotia. 

Conceivably, these reserves play a vital role in the perpetuation of the 
fungus which, in the sclerotial stage, is known to have remained viable for 
several years (8). It follows that information on the mechanism of mobil¬ 
ization and utilization of these reserves would be of interest as a contribution 
to the basic knowledge of the fungus. The obtaining of such information 
was the primary objective in the current investigation. 

MATERIALS AND METHODS 

Production, Germination, and Preparation of Sclerotia for Analysis 

Using navy beans as the principal organic nutrient, sclerotia were pro- 
‘duced by culturing Phymatotrichum omnivorum in Hoilston Black clay (2). 
These were separated from the soil by careful washing and screening, and 
the surface water was removed by blotting prior to weighing. Sclerotia 
thus obtained from three lots of 30- and 60-day-old cultures of P. omnivorum 
were used separately in a series of germination experiments. Samples from 
each of the lots were retained for chemical analysis so as to establish the 
composition of sclerotia at the start of each experiment. 

Three-gram portions of sclerotia were weighed into sterile Petri dishes 
and surface sterilized by agitating with a 0.5 per cent solution of sodium 
hypochlorite for one minute. The solution was decanted and the sclerotia 
were washed once with sterile tap water and again with a sterile, dilute in¬ 
organic nutrient solution (7) pH 6.5. About 2 ml. of the latter was left to 
cover the bottom of the dishes without submerging the sclerotia. The Petri 
dishes, 50 for each of the lots of 30- and 60-day sclerotia, were placed in an 
incubator maintained at 28° -30° C., and the sclerotia were allowed to germi¬ 
nate and the mycelium to develop for periods of 3, 6, 9, and 12 days. On 
the 6th day an additional 2 ml. of the nutrient solution was added to replace 
water losses and to maintain the pH at or near 6.5. 

1 Published with the approval of the Director of the Texas Agricultural Experiment 
Station as Technical Paper No. 1056. 

2 Chemist, Div. of Cotton and Other Fiber Crops and Diseases, U.S.D.A., Agricultural 
Experiment Station, College Station, Texas. 
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At the end of each of the allotted periods of incubation the sclerotia and 
mycelium of 6 Petri dishes were combined into a single sample, killed in 
toluene vapor, and dried in a mechanical convection oven at 70° C. for 18 
hours. After weighing for the determination of the dry weight, the 
material was finely ground in a semi-micro Wiley mill preparatory to 
analysis. The contents of 4 additional Petri dishes, two for each analysis, 
were used for the determination of amylolytic activity. 

Chemical Methods 

Amylolytic Activity. —The determination was made according to 
Spoehr’s (6) procedure in which the increase in the reducing power of 
the reaction mixture (2 gm. soluble starch, 5 ml. phosphate solution, fresh 
sclerotia and mycelium from 2 Petri dishes, and water to make 250 ml.) 
was measured after incubating for 24 hours at 30° C. The results were 
expressed as milligrams of glucose per gram of oven-dry tissue. 

Sugars .—The sugars were extracted with boiling 80 per cent ethanol in 
a Soxhlet unit and the reducing sugars were determined by the method of 
Wildman and Hansen (11). Nonreducing .sugars (4) were determined 
after hydrolysis with 4 per cent hydrochloric acid (by weight) for 1.25 
hours in an autoclave at 15 lb. pressure. 

Mannitol. —The presence of mannitol in the sclerotia and mycelium was es¬ 
tablished by isolation in a pure form from a 95 per cent ethanol extract and 
the preparation of the hexaacetyl derivative, the melting point of which 
agreed with that recorded in the literature (5). Using the method of Todd 
et al. (10) mannitol was quantitatively determined in an aliquot of the 
aqueous solution used for the determination of sugars. 

Free Glycogen .—The oven-dried, insoluble residue from the extraction 
of sugars was weighed and the free glycogen was extracted from duplicate 
0.5-gm. samples with 10-ml. portions of hot water until a test for glycogen 
(a reddish brown color with dilute iodine solution) in the extract was 
negative. To the combined extracts of each sample containing 5 ml. of a 
citrate buffer solution at pH 5.0, there was added 0.2 gm. Takadiastase,^ 
a few drops of toluene to insure sterility, and water to make a total of 50 
ml. The digests, contained in tightly stoppered flasks, were incubated at 
32° C. for 48 hours. The reducing sugars resulting from hydrolysis were 
determined and multiplied by 0.9 to convert to the glycogen equivalent. 

Bound Glycogen. —The wet residue from one of the duplicate samples ex¬ 
tracted for free glycogen was suspended in 5 ml. of 35 per cent aqueous 
potassium hydroxide and heated for 1 hr. at 15 lb. pressure. After removal 
of the insoluble cell-wall materials by centrifugation, the glycogen was 
precipitated from the cold alkaline solution by the addition of 3 volumes 
of 95 per cent ethanol and acidulation with concentrated hydrochloric 
acid. The precipitated glycogen was next washed with ethanol, dried, 
dissolved in water, and determined as in the case of free glycogen. 

3 The Takadiastase was a special, undiluted preparation of Parke, Davis, and Co. 
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Hemicellulose .—The remaining duplicate from the extraction of free 
glycogen was hydrolyzed with 4 per cent hydrochloric acid and the result¬ 
ing sugars were determined and multiplied by the factor 0.9. The value 
thus obtained represented the sum of (a) bound glycogen and (b) hemi¬ 
cellulose. The latter was calculated by subtracting the value of (a) from 
that of (a) + (b). 

Cellulose and Suberin ,—These constituents were separately determined 
on hemicellulose-free samples of sclerotia and mycelium by methods 
described in detail elsewhere (4). 

Total Carbohydrates ,—Calculated as the sum of the determined car¬ 
bohydrate fractions. 
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Fio.l. Dormant .sclerotia (A), and those showing mycelial growth after incubating 
for periods of 3 (B), 6 (C), and 9 (D) days. 


The chemical data are reported (a) as percentage of dry weight after 
the respective periods of germination and (b) as grams of constituents in 
the sclerotia and mycelium resulting from the initial 18 grams of fresh 
sclerotia. Each value is the average obtained from germination experi¬ 
ments that were replicated three times at three different dates. 

RESULTS 

Germination 

Approximately 48 hours from the start of incubation, the initiation of 
germination processes was evidenced by the emergence of small, white tufts 
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of mycelium from the sclerotia. As illustrated in figure 1 the density of 
mycelial growth increased with time except that there was no visible dif¬ 
ference after 9 days. Respiration, as measured by loss in dry weight, was 
high during the initial stage of germination, but after the 9th day there 
was little detectable change. The two lots of sclerotia, though differing 
in age and in chemical composition, were remarkably similar in this respect. 
The 12-day losses in dry matter by 80- and 60-day sclerotia were 16.79 and 
16.40 per cent of their original dry weights respectively, of which more 
than half of these losses occurred during the first 8 days of germination. 

Changes in Composition of Germinating Sclerotia 

The changes in the composition of germinating sclerotia as a percentage 
of the successive dry weights are given in table 1. The behavior of the 

TABLE ].—Chemical chanffcn flurinff the (jermination of sclerotia and growth of 
miicelium. Data reported as percentage of drg weight 


Constituent 


Mannitol 
Hcducing sugars 
Nonreducing sugars 
Free glycogen , . 
Bound glycogen 
Heinicellulosc 
Cellulose 

Total carbohydrates 
Suberiii . 


Mannitol 
Reducing sugars 
Nonreduciiig sugars 
Free glycogen . 
Bound glycogen 
Hemiccllulose . . 
Cellulose 

Total carbohydrates 
Suberin 


Sclerotia plus mycelium after 


Sclerotia 

before 

germina¬ 

tion 

- - 

germination 

Days 

12 

3 

6 

9 


Sclerotia from 30-day-old cultures 


0.42 

7.11 

7.61 

7.89 

8.46 

0.14 

1.24 

2.60 

3.15 

2.86 

1.62 

1.37 

0.00 

0.00 

0.00 

lO.o? 

2.64 

1.94 

1.32 

2.56 

26.3,5 

26.71 

20.21 

18.41 

17.83 

9.90 

10.40 

11.46 

12.27 

10.81 

0.60 

0.68 

0.65 

0.91 

0.90 

54.60 

50.15 

44.47 

43.95 

43.42 

2.88 

3.84 

4.69 

4.32 

5.01 


Sclerotia from OO-daj? 

-old cultures 


3.90 

4.85 

4.74 

5.04 

4.44 

0.80 

0.52 

0.02 

0.94 

2.00 

0.73 

0.25 

0.26 

0.00 

0.00 

4.07 

2.03 

1.67 

1.79 

1.31 

30.85 

24.34 

21.82 

17.94 

16.39 

12.23 

16.02 

16.63 

16.37 

14.83 

0.68 

0.86 

0.88 

1.05 

1.12 

53.26 

48.87 

46.02 

43.13 

40.09 

2.74 

3.81 

4.87 

5.31 

5.20 


concentrations of water-soluble and water-insoluble carbohydrate con¬ 
stituents as germination and mycelial development progressed is shown 
in figure 2. The actual amounts of the various carbohydrate fractions 
involved in the germination are given in table 2 as grams of constituents 
resulting from the initial 18 grams of fresh sclerotia. 

The germination of 30-day sclerotia for a period of 12 days resulted 
in actual losses of nonreducing sugars, free glycogen, bound glycogen, 
and hemiccllulose (Table 2). Gains were found in mannitol, reducing 
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sugars, cellulose, and suberin. The results for 60-day sclerotia differed in 
the following respects: (a) there was a slight loss in mannitol and (b) a 
gain in hemicellulose. Considering the net changes in all of the carbohy¬ 
drate fractions as a whole, i.e., total carbohydrates, it was found that 18 
grams of sclerotia from 30- and 60-day-old cultures decreased in carbo¬ 
hydrate content by 1.22 and 1.24 grams, respectively. 

The initial 3-day period was characterized by relatively large losses in 
the free and bound glycogen contents of sclerotia. During this time the 

TABLE 2 .—Chemical changes during the germination of sclerotia and growth of 
mycelium. Data reported as grams of constituents per initial IS grams of fresh sclerotia 


Sclerotia plus mycelium after 



Sclerotia 


germination 


Gain or 

Constituent 

before — 





loss dur- 


germina- 


iJays 


mg ger- 


tion 


— 

— 

— 

mination 



3 

6 

9 

12 




Sclerotia from 30-day‘Old cultures 


Total dry weight. 

6.55 

6.00 

5.64 

5.53 

5.46 

-1.09 

Mannitol . 

0.36 

0.43 

0.43 

0.44 

0.46 

+ 0.10 

Beducing sugars . 

0.01 

0.07 

0.15 

0.17 

0.16 

+ 0.15 

Nonreducing sugars . 

0.11 

0.08 

0.00 

0.00 

0.00 

-0.11 

Free glycogen . 

0.69 

0.16 

0.11 

0.07 

0.14 

-0.55 

Bound glycogen . 

1.73 

1.60 

1.14 

1.02 

0.97 

-0.76 

Hemicellulose . 

0.65 

0.62 

0.65 

0.68 

0.59 

-0.06 

Cellulose . 

0.04 

0.04 

0.04 

0.05 

0.05 

4 0.01 

Total carbohydrates .. .. 

3.59 

3.00 

2.52 

2.43 

2.37 

-1.22 

Suberin . 

0.19 

0.23 

0.26 

0.24 

0.27 

+ 0.08 

Amylolytic activity® . 

53 

60 

71 

82 

95 

+ 42 



Sclerotia from 60-day-old 

cultures 


Total dry weight. 

6.28 

5.73 

5.49 

5.36 

5.25 

-1.03 

Mannitol . 

0.24 

0.28 

0.26 

0.27 

0.23 

-0.01 

Beducing sugars . 

0.05 

0.03 

Trace 

0.05 

0.11 

+ 0.06 

Nonreducing sugars . 

0.05 

0.01 

0.01 

0.00 

0.00 

- 0.05 

Free glycogen . 

0.26 

0.12 

0.09 

0.10 

0.07 

-0.19 

Bound glycogen . 

1.94 

1.40 

1.20 

0.96 

0.86 

-1.08 

Hemicellulose . 

0.77 

0.92 

0.91 

0.88 

0.78 

+ 0.01 

Cellulose . 

0.04 

0.05 

0.05 

0.06 

0.06 

+ 0.02 

Total carbohydrates .. .. 

3.35 

2.81 

2.52 

2.32 

2.11 

-1.24 

Suberin . 

0.17 

0.22 

0.27 

0.28 

0.27 

+ 0.10 

Amylolytic activity® . 

80 

147 

183 

198 

217 

+ 137 


« Mgs. of glucose per gm. of dry material. 

free glycogen content of germinating 30- and 60-day sclerotia decreased 
77 and 50 per cent, respectively, of the amounts originally present; the 
bound glycogen content of the 30-day sclerotia remained practically un¬ 
changed; and that of the 60-day sclerotia decreased 28 per cent. The 
remaining 9 days of germination and mycelial growth resulted in further 
progressive decreases in both free and bound glycogen except that the 
free glycogen content of germinating 30-day sclerotia was increasing by the 
12th day. 

The nonreducing and reducing sugars were present in ungerminated 
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sclerotia in relatively small amounts, but the latter in germinating 30- 
day sclerotia tended to increase linearly with time while the nonreducing 
sugars disappeared by the 6th (30-day sclerotia) and 9th days (60-day 
sclerotia) and were not reformed during the remaining period of the 
experiment. In the germination of the 60-day sclerotia the reducing 
sugar content approached zero in the first 6 days but subsequently increased 
to show a net gain of 100 per cent by the end of the experiment. 

The mannitol content of both lots of sclerotia before and during germina¬ 
tion exceeded by far that of the true sugars. Whereas the quantity of 
mannitol in germinating 30-day sclerotia increased consistently with time 




Fig. 2. Tjcft. Variations in concentration of the soluble carbohydrate fractions of 
germinating 30- and 60-day sclerotia. 

Right. Variations in concentration of the insoluble carbohydrate fractions of ger¬ 
minating 30- and 60-day sclerotia. 

and showed a net gain of 28 per cent, increases in the 60-day sclerotia were 
limited to a 9-day period after which there was a net loss of 4 per cent. 

By the 9th day the quantity of hemicellulose in germinating 30 and 
60-day sclerotia had increased 5 per cent and 14 per cent, respectively, 
but these increases were followed by decreases large enough to show a net 
loss of approximately 10 per cent in the former and a net gain of only 1 
per cent in the latter. Cellulose and suberin were present in both ages of 
ungerminated sclerotia in approximately equal amounts, which increased 
25 per cent and 42 per cent, respectively, during the germination of 30-day 
sclerotia, and 50 per cent and 59 per cent, respectively, in the 60-day 
sclerotia. 
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Amylolytic Activity 

Amylolytic activity (Table 2) in the germinating sclerotia increased 
with time. The results on 30-day sclerotia showed a fairly constant rate 
of increase while those from 60-day sclerotia showed a diminution in the 
rate of increase. A more striking difference in both lots of sclerotia was 
found to be in their comparative amylolytic activities before and during 
germination. Before germination the ratio value of the activity in 60-day 
sclerotia to that in 30-day sclerotia was 1.6, but after germination started it 
increased to 2.4 and remained practically constant throughout the experi¬ 
ment. 



Fio. 3. Belation of total glycogen and amylolytic activity in germinating 30- and 
60-day sclerotia. 

Amylolytic activity in the germinating 60-day sclerotia was found 
to vary inversely with the concentration of total glycogen (free + bound), 
and a similar relation, though less consistent, was indicated during the 
germination of 30-day sclerotia (Fig. 3).’ In addition it was noted that 
a higher level of amylolytic activity (60-day sclerotia) was associated 
wdth higher levels of the insoluble carbohydrate metabolites. 

DISCUSSION 

The chemical and physiological processes found occurring in germi¬ 
nating sclerotia seem to reflect a pattern of metabolic sequences that is 
perhaps somewhat similar to that in germinating starchy seed. Like the 
latter, sclerotia of Phymatotrichum omnivorum are deficient in sugars and 
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the processes of respiration and synthesis depend upon the mobilization of 
sugars from other more abundant carbohydrates. The results of this study 
clearly show that glycogen, both free and bound, was the principal source of 
carbohydrate substrates with indications that nonreducing sugars and 
hemicellulose were sources of minor amounts. The mode of glycogen 
hydrolysis to glucose or to other metabolizable forms is suggested by the 
observed two-fold increase in amylolytic activity after germination started. 
The possibility that additional enzymes, glycogenase for example, were 
also functioning in the hydrolysis of glycogen is very likely. Also, Blank 
and Talley (1) showed that the mycelium contains additional earbohydrases 
that are capable of hydrolyzing a variety of simple and complex carbohy¬ 
drates. 

As reflected by the data, the next phase in the metabolic pattern was the 
utilization of the sugars mobilized from the various sources mentioned. 
Assuming that carbohydrates alone were used, the data show that respira¬ 
tion alone probably accounted for 89 per cent (;iO-day sclerotia) to 83 per 
cent (60-day sclerotia) of the observed losses. It is unlikely that either 
the fat (2.17 per cent of dry weight) or protein (18.98 per cent of dry 
weight) reserves (4) of sclerotia contributed materially to respiration as 
they are present in much smaller amounts than the carbohydrates. The 
remaining loss in carbohydrates may be logically attributed to the synthesis 
of noncarbohydrate constituents, such as suberin, by the mycelium. The 
utilization of some of the mobilized carbohydrates in the synthesis of manni¬ 
tol, hemicellulose, and cellulose also was indicated as these constituents 
accumulated either throughout or during the greater part of the 12-day 
study. The accumulation of cellulose and suberin may be ascribed to cell 
wall formation by the mycelium of germinating sclerotia. 

The results as a whole show that differences in composition and in age 
of sclerotia did not materially influence either the general course or the rate 
of carbohydrate metabolism. Before germination the 30-day sclerotia 
contained approximately twice the soluble carbohydrate (mannitol + sugars 
-f free glycogen) content of the 60-day sclerotia while the latter were 
appreciably richer in insoluble reserves (bound glycogen + hemicellulose). 
Nevertheless carbohydrate utilization in the two lots of germinating sclerotia 
seemed to proceed at about equal rates, using the losses in dry matter and in 
carbohydrates as criteria. In this connection the finding of a higher 
amylolytic activity to be associated with higher levels of insoluble carbohy¬ 
drate reserves might have been a factor in the equalization of the metabolic 
rates. 

Since this study has shown that the glycogen reserves of sclerotia are 
the chief carbon sources during germination, the observed termination of 
mycelial growth after 9 days poses the question of possible glycogen 
depletion as a factor in limiting further growth. The data on the metabo¬ 
lism of glycogen are of little value in this respect as they reflect not only the 
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unused glycogen in the sclerotia residues but also that transported to or 
resynthesized in the mycelium. However, evidence of the presence of 
adequate amounts of glycogen in the sclerotia residues for further growth 
was obtained when it was found that the Pi-day residues could be germinated 
a second time after the previous mycelial growth had been removed. In 
other laboratory studies Taubeiihaus and Ezekiel (9) also showed that 
Phymatotrichum sclerotia under certain conditions may be germinated as 
many as five times. Thus it is apparent that the glycogen reserves of 
sclerotia are not readily exhausted during germination, and that the cessa¬ 
tion in mycelial growth found in this study must be attributed to other 
causes. 

SUMMARY 

Sclerotia from 30- and 60-day-old soil cultures of Phymatotrichum 
omnivorum were allowed to germinate and grow on a sterile, inorganic 
nutrient substrate for periods of 3, 6, 9, and 12 days and the metabolism of 
their carbohydrate reserves was studied. The principal results may be 
summarized as follows: 

1. The course and the rate of carbohydrate metabolism in the two ages 
of germinating sclerotia were essentially the same notwithstanding certain 
differences in the initial composition. Germination of 18 grams each of 
30- and 60-day sclerotia resulted in losses of 1.09 and 1.03 grams of dry 
matter, respectively, and in corresponding losses of 1.22 and 1.24 grams 
of carbohydrates. 

* 2. The initial 3-day period was characterized by intense metabolic 
activity as reflected in the loss during that time of approximately half of 
the total amount of carbohydrates used in the 12-day experiment. 

3. Germination resulted in substantial net losses of nonreducing sugars, 
free and bound glycogen, and some hemicellulose (the latter during the 
9-12 day period). Reducing sugars, mannitol (0-9 day period), cellulose, 
and suberin showed increases. 

4. The glycogen reserves (free and bound) of sclerotia were the chief 
source of substrates for respiration and synthesis. The former process 
accounted for 83-89 per cent of the observed loss in total carbohydrates. 

5. Glycogen mobilization was associated with a relatively high level 
of amylolytic activity, which tended to vary inversely to the concentration 
of total glycogen in the germinating sclerotia. 

Bureau of Plant Industry, Soils, and 
Agricultural Engineering 
and 

Texas Agricultural Experiment Station, 

College Station, Texas. 
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PHYTOPATHOLOGICAL NOTES 

Rootstock Susceptibility to ArmiUaria mellea. —The Santa Clara Valley 
is one of the principal deciduous fruit areas of California, devoted mainly 
to apricots, pears, and prunes. Pears on French pear roots are sufficiently 
resistant to ArmiUaria root rot to be excluded from this report. It may be 
mentioned, however, in passing, that pear trees on quince roots may be killed 
by this fungus. Apricot and prune orchards, on the other hand, have 
already sustained a loss of more than 10 per cent of the trees according to a 
survey^ of 65 properties selected at random. 

The most effective chemical treatment of the soil thus far, the injection 
of carbon disulfide, has been, on the whole, disappointing in this area. Un¬ 
published work of the first and last authors indicates that this is partly due 
to failure of the chemical to penetrate to the lower depths (5 to 10 feet) 
in the rather heavy moist soils. 

The alternative most commonly rcvsorted to in Armillaria-infested areas 
of this valley is the planting of Persian walnut (Juglans regia) on Northern 
California Black walnut (J. hindsii) roots which seem to be adequately 
resistant to Arrn/illaria. However, the disorder known as black line of 
walnut* is sufficiently prevalent in the area to raise some doubt as to the 
success of such plantings. 

It seems to be obvious, at any rate, that an Armillaria-resistant rootstock 
for apricot and prune is needed in the Santa Clara Valley. 

Eighteen lots of plum roots, mostly Myrobalan and Marianna types, were 
planted for trial at the XTniversity of California Deciduous Fruit Field Sta¬ 
tion at San Jose in 1928. These lots contained 37 to 40 trees and were 
planted about 36 inches apart in rows 48 inches apart. This crowded 
planting eventually necessitated pruning off all the lower branches to facili¬ 
tate cultivation. Moreover, approximately half of each row was cut back 
heavily in the 2nd and 4th years from planting to simulate the usual pro¬ 
cedure in topworking such trees in orchards. All of the trees were inocu¬ 
lated repeatedly by placing a handful of wood containing the fungus from 
pure culture adjacent to the crown. All the circumstances seem to have 
combined to provide a severe test of resistance. However, few of the trees 
were killed by ArmiUaria during the first five years. Trees which died were 
examined as soon afterward as feasible to determine the cause of death. 
Only those which seemed clearly to have been killed by ArmiUaria are so 
indicated in the summary of Table 1. The surviving trees were pulled in 

1945, and the degree of root injury rated on a scale of 0 to 10, in which 
Class 0 was to represent trees with no infection, and Class 10 to indicate 
trees completely girdled at the crown and with most, or all, of the roots dead. 

1 Schneider, Henry, E. W. Bodine, and H. Earl Thomas. Occurrence of ArmiUaria 
root rot in Santa Clara Valley. IT. S. Dept. Agr., Plant Disease Reptr. 29: 495-496. 

1946. 

2 dmith, Balph E. Diseases of fruits and nuts. California Agr. Ext. Circ. 120. 
1941. 
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TABLE 1.— Summary of results with plum planting at San Jose, California, for 
Armillaria resistcmce test after 17 years 


Selection 

Number 

planted 

No. surviv¬ 
ing? in 1945 

No. killed 
by Armil¬ 
laria in 9 
years 

Average de¬ 
gree of in¬ 
fection of 
survivors 

Methley plum . 

40 

37 

0 

7.6 

Marianna, Tenn. 

40 

27 

5 

8.1 

Do Calif. 

40 

32 

2 

7.1 

Do 2624 . 

39 

35 

0 

6.7 

Do 2623 . 

40 

29 

3 

7.1 

Gypsie Myrobalan . 

40 

18 

4 

6.2 

Bed lieaf Myrobalan 

40 

31 

6 

5.4 

Purple Leaf Myrobalan 

40 

23 

1 

8.6 

Myrobalan 29 . 

38 

30 

0 

7.5 

Davis Myrobalan 

40 

27 

1 

8.5 

Davis Myrobalan 7102 

40 

20 

0 

7.2 

Goddard Myrobalan 

40 

7 

3 

8.7 

Campus Myrobalan 

40 

30 

0 

7.4 

Do. 

40 

20 

2 

7.7 

Do No. 3 

37 

30 

4 

7.0 

Black Damns D 

40 

10 

15 

8.9 

Do C . 

40 

6 

7 

9.2 

St. Julien G .. . 

40 

19 

1 

8.4 


None of the 431 survivors fell into Class 0, and only 3 trees were good enough 
for Class 1. One of the 3 trees was sufficiently affected by crown gall to be 
discarded. Attempts are being made to build up new clones from the 2 
remaining trees for further tests. One of these trees is from the lot desig¬ 
nated as Marianna 2624 which in recent years has been in faVor for orchard 
trials against Armillaria. A few root cuttings survived from this single 
tree, but, of course, at least a year or two will be required to increase these 
to any considerable number of trees. Although the Red Leaf Myrobalan 

TABLE 2.— Bating of some of the more resistant trees in the San Jose plot 


Botanical name 

Common name 

No. 

planted 

No. of 
survivors 

Average 

rating 

Castanea dentata (Marsh.) 
Borkh. 

American chestnut 

40 

27 

0.74 

Castanea sativa Mill. 

Spanish chestnut 

40 

32 

0.86 

Diospyros Tcalci L. 

Japanese persimmon 

40 

13a 

0.85 

D. lotus L. 

Date>plum 

40 

36 

0.88 

J). virginiana L. 

American persimmon 

40 

36 

0.13 

Ficus carica L. 

Fig (Kadota) 

40 

39 

0.10 

Ficus carica L. 

Black mission fig 

39 

28 

0.2S 

Juglans hindsii Sarg. 

Northern Calif. Black 
walnut 

40 

35 

0.77 

Pyrus hetulaefolia Bunge. 

Pear 

39 

15 

2.93 

Pyrus oalleryana Decne. 

Pear 

40 

24 

1.90 

Pyrus communis L. 

Common cultivated pear 

40 

25 

1.04 

Pyrus malus L. 

Cultivated apple * ‘ French 
crab’' seedlings 

40 

31 

1.10 

Pyrus malus L. 

Seedlings of Bed Delicious 
apple 

40 

29 

1.04 


Only one known to be killed by Armillaria. 
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had comparatively good average rating, survival was poor, and this lot con¬ 
tained no tree better than Class 2. The Myrobalan 29 of this test was not 
clearly better than some of the others, though trees under this number have 
been rather extensively planted in orchards. It now seems likely, however, 
that several different types of Myrobalan have been distributed under this 
number. 

A number of other types of fruit and nut rootstocks were uprooted and 
examined in 1946 (Table 2). Some of these were planted 2 years later than 
the plum roots referred to in Table 1. Fig was least affected of all the trees 
examined, and the damage to this tree was slight. The best persimmon 
was hardly more affected. The row of Northern California Black walnut 
{Juglans hindsii) represented in Table 2, originated from seed of an isolated 
tree not likely to have been exposed to pollen of the susceptible Persian 
walnut. This row was rated about as expected on the basis of the oft- 
reported resistance of this species. It is probable that this lot of walnut 
and the figs would have rated even better had not meadow nematode and 
other agencies aided penetration by Arrmllaria, However, another row of 
black walnut under the same name and with no indication of hybridity, dis¬ 
played little, if any, greater resistance than the plum roots which the black 
walnut is replacing in many areas infested by ArmUlaria. Some lots of 
apple scored surprisingly well in view of the fact that orchard trees are fre¬ 
quently killed by ArmUlaria, The best apples approached the pear in rat¬ 
ing, the latter being seldom, if ever, killed by this fungus in orchards. The 
French pear {Pyrus communis) lived up to expectations and was definitely 
more resistant than the quince which is often used as a'rootstock for some 
pear varieties. A comparatively small number of cherry rootstocks was 
available for observation, and these were not examined in detail. It was 
evident, however, that the Mazzard root was distinctly more resistant than 
Mahaleb cherry or the sour cherry. 

The good score of several of the lots in Table 2 indicates that this test, 
though intentionally severe, was not too severe. 

The wide differences in amount of infection between individual trees in 
single lots indicate that only single clones propagated by root or stem cut¬ 
tings, when possible, should be used in such trials in the future.— Harold 
E. Thomas, H. Earl Thomas, Catherine Roberts, and Al Amstutz, Divi¬ 
sion of Plant Pathology, University of California, Berkeley and San Jose. 

The Microscopic Detection of Bacterial Infections in Plants hy Means 
of Oblique Illumination, —F. C. Stewart observed the oozing of bacteria 
from the cut surface of infected plant tissues into a surrounding film of 
water as early as 1897.^ This method of detecting bacterial infections was 
later used by Jones, Johnson, and Reddy* and by numerous others. As far 

1 Stewart, F. C. A bacterial disease of sweet corn. N. Y. Agr. Exp. Sta. Bui. 130. 
1897. 

2 Jones, L. R., A. G. Johnson, and C. S. Reddy. Bacterial blight of barley. Jour. 

Agr. Res. [U.S.] 11: 625-643. 1917. 
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as we can determine direct lighting by means of the bright field condenser of 
the microscope has always been used when the microscope has been used to 
make this so-called ^^ooze test.’^ 

We have found that the use of oblique illumination to produce a dark 
field brings out the oozing bacteria much more clearly than does direct 
lighting. With obliciue illumination the mass of oozing bacteria appear 
as a brilliant white column against a dark background (Fig. 1, A). 

No special equipment is needed for oblique illumination. A microscope 
lamp producing light of fairly high intensity is satisfactory as a light 
source. The oblique illumination is produced by removing the condenser 
from the microscope and moving the concave mirror over to one side (Fig. 
1, B). If the microscope does not have a concave mirror which can be 



Fig. 1. A. Bright column of bacteria oozing from a necrotic spot in a cotton leaf. 
B. Arrangement of microscope and lamp for oblique illumination. 


swung to one side the mirror may be attached to a ringstand and held in 
the oblique position. 

The 16-mm. low power objective must be used in order to obtain a satis¬ 
factory dark field with this simple system of illumination. 

In the case of bacterial leaf spots a cut through the middle of an infected 
spot is made with a razor blade, the cut tissue is mounted on a slide under 
a cover glass and a drop of clean water is added at the edge of the cover 
glass. With stems the cut end of a stem may be mounted in a drop of 
water without a cover glass or thick longitudinal sections may be mounted 
in water under a cover glass. The cover glass should not be touched after 
mounting if the bacteria are to remain near the point where they ooze from 
the cut end of the tissues.—T. E. Rawlins and P. R. Desjardins, Division 
of Plant Pathology, University of California, Berkeley. 
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Rhizoctonia Rot of Tuhps m the Pacific North west .^—A j^reenhouse plant¬ 
ing of William Pitt tulips from Spokane, Washington, showed a top rot bulb 
infection in January, 1947. The injury was so severe that 7,000 out of 15,000 
bulbs were either destroyed or injured to the extent that they did not pro¬ 
duce marketable flowers. The infected bulbs were from two sources only, 
one said to be imported, the other one year from importation. Shipments 
of other varieties in the same greenhouse had no injury. 



Fig. 1. Symptoms of Rlmoctoma solani injur} on William Pitt tulips. (Photo by 
Sprague and MacLean.) 


The symptoms somewhat resembled Botrytis fire but with certain distinct 
differences. The lesions on the bulbs were gray or gray-brown and somewhat 
dry (Fig. 1). The leaves from diseased bulbs were either killed or stunted, 
frequently adhered together, and bore the gray or gray-brown lesions. A 
white cottony mycelium grew on the necks of some of the bulbs. In severe 
cases the bulbs were almost rotted away. The roots of all except the most 
severely injured were still active, however. 

Isolations were obtained from necrotic bulb parts on potato-dextrose 
agar, bean-pod agar, and prune agar. The mycelium developing from the 

1 Published as Scientific Paper No. 721, College of Agriculture and Agricultural 
Experiment Stations, Institute of Agricultural Sciences, State College of Washington. 
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sections grew at only moderate speed, after a slow start. The light-brown 
mycelium had the characteristic right-angled branching and constrictions of 
Bhizoctonia. Hyphal strands measured from 6-8 /x in diameter (average 
7 fi). The causal agent appears to be Bhizoctonia solani Kuehn. 

In addition to the common Bhizoctonia mold, the usual species of Peni- 
cillium were present and also nematodes, mites, and Pythium ultimum Trow, 
none of which appeared to be the primary cause of the injury. However, 
the soft decay which followed the dry rot no doubt increased the speed of 
the bulb’s decline.— Neil Alihan MacLean, State College of Washington, 
Pullman, Washington. 

The Occurrence of South American Leaf Blight of Hevea Bubher Trees 
in Mexico. —Hevea rubber tree plantings in Central America north of 
Costa Eica and in Mexi(*o have been considered as being free from infection 
by Dothidella ulei P. Henn., the cause of South American leaf blight of 
Hevea.^ Although many plantings in these countries have been under close 
observation since 1941, leaf blight has not been found in any of them until 
recently. 

On September 26, 1946, the presence of South American leaf blight was 
discovered by the writer and T. D. Mallery in a seedling nursery near 
Teapa, Tabasco, in southern Mexico. Indications were that the infection 
was not more than 3 months old. In an attempt to trace the origin of the 
disease in Mexico, a survey was started of all the Hevea plantings in the 
Tabasco-Chiapas rubber zone. New infections were found in most of the 
one-year-old seedling nurseries near Teapa. Since these nurseries had 
originated from disease-free seed of mature Hevea trees at El Palmar in the 
state of Veracruz, it was assumed that the infection had originated from 
some of the early Hevea plantings in Tabasco or Chiapas. A few scattered 
old trees near Teapa had only relatively new infections. 

In the states of Tabasco and Chiapas there are 10 or more isolated plant¬ 
ings of Hevea rubber trees which were started about 1910 and later aban¬ 
doned. Although only a few trees have survived in most of these plantings, 
the one at Las Palmas, in the northwestern part of the state of Chiapas, 
contains 18,000 trees. An inspection of the trees at Las Palmas revealed 
evidence of leaf-blight infection which was at least two years old. The 
trees had been inspected and found to be blight-free in 1941. This evi¬ 
dence indicated that ,some other planting in the zone was the original 
source of infection, since there had not been any known introductions of 
foreign Hevea material into the zone during recent years. 

Inspections of the other old Hevea plantings known to exist in the 
Tabasco-Chiapas zone revealed the probable source of South American leaf 
blight of Hevea in Mexico. A planting of approximately 800 trees located 
along the Chumula River near Chuctiepd in northeastern Chiapas, approxi- 

1 Langford, M. H. South American leaf blight of Hevea rubbertrees. U. 8. Dept. 
Agr. Tech. Bui. 882. 1945. 
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mately 40 miles east to northeast of Yajalon, Chiapas, was heavily infected 
with leaf blight and evidence indicated that it had been infected many years. 
This planting had been made about 1910 with small stumped seedlings, 
the origin of which has not been determined. It is probable that the fungus 
was introduced with this original planting material. There are several 
possibilities as to the mode of spread of the pathogen to the other Hevea 
plantings in the Tabasco-Chiapas zone. The probable spread was from 
numerous volunteer seedlings, growing underneath the old Hevea trees 
at Chumula, which were obtained by a farmer near Teapa and sold to other 
farmers in the region. 

On October 11, 1946, initial infections of leaf blight were first observed 
by Julius Matz in the large seedling nurseries at the Campo Experimental 
de Hule at El Palmar in the state of Veracruz. Evidence points to the 
exchange of workers as the probable means by which the pathogen was 
introduced into the El Palmar plantings from the Tabasco-Chiapas zone. 

A close survey of the Hevea plantings in Guatemala during November, 
1946, failed to show any leaf blight in those plantings. The plantings in 
Honduras, El Salvador, Nicaragua, Haiti, and the Dominican Republic* 
apparently are also blight-free. 

The hitherto restricted occurrence of leaf blight in Mexico greatly 
simplified the initiation of the Hevea planting program in that country 
since 1941. Its present widespread distribution, while somewhat unex¬ 
pected, should not interfere with the progress of the program, since there 
is a good supply of resistant Hevea clones available in Mexico for use in 
top budding the high-yielding but susceptible clones being planted.—^W. J. 
Martin, formerly in Division of Rubber Plant Investigations, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, U. S. Department of Agriculture. 

Urocystis agropyri on Phlenm pratense.^ —Stripe smut oF timothy in 
the northeastern United States is commonly caused by (Jstilago strHfornds 
(West.) Niessl. Formation of linear sori that eventually rupture and lead 
to shredding of leaves is a characteristic symptom of the disease. In the fall 
of 1944, Kreitlow and C'asseir^ collected a smut on timothy near Brandon, 
Vermont, that was indi.stinguishable macroscopically from U. striiformis, 
but when spores of the smut were examined with a microscope they were 
found to consist of spore balls resembling those of Urocysiis agropyri 
(Preuss) Schroet. No previous report of this fungus on Phleum pratense Ij. 
was found. 

The identical symptoms of the two diseases suggested that perhaps 
some specimens of timothy identified macroscopically as infected by Ustilago 

1 Contribution No. 85 of the U. S. Regional Pa«ture ReHoarfh Laboratory, Division 
of Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineer¬ 
ing, Agricultural Research Administration, IT. S. Dept, of Agriculture, State College, Pa., 
in cooperation with the Northeastern States. 

2 Kreitlow, K. W. and Robert C. Cassell. Phleum pratense L., a new natural host for 

Vrocystis agropyri, U. S. Dept. Agr. PI. Dis. Reptr. 29: 365. 1945. 
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striiformis might in reality be attacked by Vrocystis agropyri. Travel 
restrictions during the war prevented further collections, but in June, 1946, 
and in 1947, smutted timothy was collected in several northeastern states. 
The field where Urocystis was first obtained was revisited in 1946, but the 
timothy was gone and no smutted plants were located. Of the specimens 
collected in 1946, all but one were identified as U. striiformis. The ex¬ 
ception was a eollection of Vrocystis agropyri obtained near Walpole, New 
Hampshire. No specimens of Vrocystis were obtained among the samples 
of smutted timothy collected in 1947. 

A highway distance of approximately 75 miles separated the two samples 
of Vrocystis agropyri collected on timothy. In this connection, a collection 
of smutted timothy made by Dr. Charles Drechsler in 1917 near Warrens- 
burg, Missouri, should be mentioned. The causal organism was identified 
as Vrocystis agropyri and a specimen w^as deposited in the Mycological 
Collections of the Division of Mycology and Disease Survey. No report of 
the eollection was published. Drechsler’s specimen was examined and the 
spores found comparable to those obtained in Vermont and New Hampshire. 
This suggests the smut is not localized or restricted to the northeast. 

To date, 26 samples of smutted timothy have been collected in the follow¬ 
ing states; Maine, New Hampshire, Vermont, New York, Connecticut, 
Massachusetts, New Jersey, West Virginia, and Pennyslvania. Micro¬ 
scopic examination, however, showed that all but two of the specimens were 
infected by Vstilago striiformis. 

Spore balls of the smut on timothy resembled Vrocystis agropyri, from 
other species of grasses, in general characteristics such as size, shape, and 
color. There was, however, a predominence of single-spored spore balls.^ 
The limited herbarium material available prevented extensive experimental 
work with the smut. However, tests were conducted to induce germination 
of spores by exposing them to a temperature of 30° C. in a moist chamber 
for 10 to 14 days or by soaking spore balls in different dilutions of benzal- 
dehyde. None of these measures yielded germinating spores. 

The few specimens of Vrocystis collected on timothy to date suggest that 
this smut occurs infrequently on timothy. However, unless microscopic 
examinations are made, the similarity in symptoms of the two smuts may 
result in attributing some cases of infection by Vrocystis agropyri to 
Vstilago striiformis. —K. W. Kreitlow, U. S. Regional Pasture Research 
Laboratory, State College, Pennsylvania. 

3 In a personal communication, I)r. George W. Fischer verified the idontifiention of 
the smut and pointed out the predominence of single-spored spore balls. 




THE PREVENTION OF BLACK STEM RUST OP WHEAT 
A. F. El-Helaly 
(Accepted for publication August 35, 1947) 

INTRODUCTION 

Wheat is the most important winter crop in Egypt. It is grown all over 
the country from the Mediterranean to the borders of the Sudan, and it is 
used entirely for local food. In 1937 there were about 860,000 feddans^ 
in ‘‘the Delta’’ of Lower Egypt, 330,000 feddans in Middle Egypt, and 
350,000 feddans in Upper Egypt (1). The chief varieties are Hindi, which 
are hard wheats of increasing importance, and Baladi, which are soft wheats. 
Sowing takes place in October and November, and harvest occurs in April 
and May. 

Black stem rust caused by Puccinia graminis Pers. is the most serious 
disease of wheat in Egypt. It severely attacks the Hindi varieties of wheat, 
while the Baladi wheats are comparatively resistant or immune. It is so 
destructive to Hindi wheats that during epidemics in certain localities the 
entire crop may be lost. 

Destructive epidemics of black stem rust occur during certain seasons, 
while other seasons are comparative!}^ free from the disease. It was thought 
at one time (6) that black stem rust appeared every other year, alternating 
with yellow rust caused by Puccinia glnmarum (Schm.) Erikss. and Ilenn., 
but this was found to be not the case. In most years, however, black stem 
rust is a limiting factor in wheat production. 

Black stem rust appears, generally, in the warmer winters between 
February and March and may then affect yield very severely. The attack 
varies greatly, in intensity, from field to field. 

It is believed, because the aecial stage of the disease has not yet been 
found in Egypt, that infection occurs each year by urediospores either hi¬ 
bernating, i.e., overwintering, in the soil or being blown across the Mediter¬ 
ranean from Europe. Jones (29) by exposing, periodically, slides smeared 
with vaseline or glycerine on aeroplanes flying between Cairo and Alex¬ 
andria at about 1000 ft. altitude, stated that the largest numbers of stem 
rust spores were found on slides exposed in March, about a fortnight before 
the first reported attack on wheat in Egypt. 

OBJECT OF INVESTIGATION 

The production of rust-resistant varieties, which is the ideal method of 
controlling rust diseases, requires several years of continuous work to pro¬ 
duce a variety which combines resistance to rust with such desirable char¬ 
acters as good quality, good yield, etc. Therefore, it would be of great 
economic importance if direct methods of control could be devised. 

1 The feddan is equivalent to 1.47 acres. 
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The principal object of the present work is to investigate the possibility 
of preventing black stem rust of wheat by one of the common methods of 
plant protection. 

METHOD AND MATERIAL 

Various fungicides were dusted and sprayed on the plants in the field just 
before or at the time the first signs of the disease appeared on the crop. 
Dusts were applied by means of small hand dusters. Spraying was carried 
out by means of “Holder’^ sprayers or by means of ‘‘Bean Junior” spray¬ 
ing pumps. The former sprayers were used in small plot experiments, the 
latter in large plot experiments. 

Latin square and randomized block experiments surrounded by wide 
belts of the same crop were used, and the analysis of variance was employed 
in analyzing the yield data of most of the experiments and in determining 
the significance of the results obtained. 

Weight and volume of one thousand kernels taken at random to represent 
each treatment were also recorded in many cases. 

The net profit or loss i)er feddan in Egyptian pounds'*^ for each treat¬ 
ment was recorded in most eases. This was calculated taking into considera¬ 
tion that the feddan was given, on the average, 1500 liters of the diluted 
fungicide for each application. The cost of labor and of tear and wear of 
the sprayer for the application, in normal peace time, is about £0.25 and the 
price of the ardeb^ of wheat grain is usually about £1.50, 

Hindi D wheat variety, which is susceptible to stem rust, was used in 
most cases. It is mentioned when other wheat varieties were used. The 
seed was obtained from the Propagation Section of the Ministry of Agri¬ 
culture. The following commercial and home-made fungicides were used: 

1. Flowers of sulphur. 

2. Kolodust: a proprietary colloidal sulphur dust. 

3. Wettable sulphur: a proprietary sulphur spray. 

4. Kolofog; a proprietary colloidal sulphur which contains 30 per cent 
sulphur (6 lb. Kolof og f- 8 lb. chemically hydrated lime h* 100 gal¬ 
lons of water). 

5. Sulsol: a proprietary colloidal sulphur compound which contains 
40 per cent sulphur by weight. 

6. Amberine: a proprietary solution of polysulphidal sulphur. 

7. Lime-sulphur (home-made): * 

Diluted: 1 kilo quick lime -f- 2 kilos sulphur +12.5 liters water. 

Concentrated: 1 kilo quick lime+ 2 kilos sulphur-i-6.25 liters 
water. 

8. Bouisol: a proprietary colloidal copper compound which contains 
15 per cent copper by weight. 

9. Bordeaux mixture in powder form, mixture C. 

10. Bordeaux mixture (home-made); 1 per cent = 4 lb. copper sulphate 
+ 4 lb. quick lime -f- 40 gal. water. 

2 The Egyptian pound ia valued at $4.94. 

« The ardeb is equivalent to 5.619 bushels (U. S.). 



1948] 


El-Helaly: Stem Rt’st of Wheat 


168 


The work to be described in this paper was carried out during the wheat 
growing seasons from 1935 to 1942 in the Field Stations of the Ministry of 
Agriculture at El-Serw, Sakha, Gemmeza, Dokki, Giza, Seds, Mallawi, 
Shandaweel, and Mataana, and in the Estate of H.H. Prince M. A. Haleem 
at Pariskour. 


OCCURRENCE OF THE DISEASE IN EGYPT 

The first record of the disease in Egypt, in 1920, was reported by Briton- 
Jones (6, 7). He attributed the disease to Pucxinia graminis Pers. Pahmy 
(See 39) reported Pnccinia graminu Pers. on wheat in 1923. Melchers (39) 
found it on wheat at Giza in 1928. Jones (29) reported Puccinia graminis 
Pers. on wheat in 1935 and stated that ^^it is the most serious disease of 
wheat in Egypt.’’ 


DISTRinUTION OP THE DISEASE 

Black stem rust of wheat is usually very severe in Lower Egypt where 
loss in yield may sometimes amount to 50-100 per cent. It decreases gradu¬ 
ally southwards becoming rare in Upper Egypt. 


TABLE 1.— The lurecniafje of hlaclc stem 
different dates m various localities in Effiipl 

rust infection 

in v'hcat sown ( 

Loralities 

Bust infection in wlieat 

sown on 

Oct. 15 

Nov. 1 

Nov. 15 


Per cent 

Per eent 

Per cent 

Lower Egypt 

El-Scrw 

60 

80 

80 

Sakha 

60 

70 

75 

Gemmeza 

35 

45 

50 

Middle Egypt 

Dokki 

20 

25 

25 

Seds . 

6 

10 

10 

Mallawi 

2 

3 

3 

Upper Egypt 

Shandaweel . 

Tr. 

Tr. 

Tr. 

Mataana . 

Tr. 

Tr. 

Tr. 


This is illustrated in table 1 which contains data obtained from similarly 
treated experiments made in different localities all over the country. These 
experiments were actually designed to find out the effect of date of sowing on 
the amount of disease. Data were taken from experimental plots sown on 
October 15, November 1, and November 15. These dates of sowing were 
chosen because they fall within the period during which normal sowing takes 
place in Egypt. 

The disease was, for the first time, very severe in the Luxor region of 
Upper Egypt in 1941. Study of the conditions prevailing in this region at 
that time and examination of the crop there showed that the disease was 
severe on plants which had received much water or which were growing near 
irrigating canals. 
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EFFECT OF CULTURAL CONDITIONS ON AMOUNT OF DISEASE 

Observations in the field and statements of farmers indicate that the 
amount of the disease is influenced by the cultural conditions prevailing 
during the growth of the wheat plants. Factors which arise in this connec¬ 
tion are date of sowing, number of waterings, and manurial treatment. 

Date of Sowing 

It has been noticed during the earlier investigations of the disease that 
date of sowing plays an important part in the incidence of the disease. 

TABLE 2 .—The hlach stem rust infection and yield of wheat sown on six different 
dates during 1939, 1040, and 1941 at Dolclci, in Middle Egypt 


Date of 
sowing 

Rust 

infection 

Yield per 
feddan 

Yield 

Av. weight 
of 1000 
kernels 

Av. volume 
of 1000 
kernels 


Per cent 

A rdeh 

Per cent 

Grams 

Cc. 

1939 

Oct. 9 . 

40 

9.06 

187.58 

36.38 

27.0 

Oct. 15 . 

50 

9.02 

186.75 

36.75 

27.4 

Nov. 1 

70 

5.79 

119.88 

26.85 

20.3 

Nov. 15 

85 

3.73 

77.23 

18.45 

14.8 

Dee. 1 . . . 

80 

1.00 

20.70 

8.81 

8.3 

Dec. 15 

65 

0.34 

7.04 

4.10 

4.7 

Mean 


4.83 

100.00 


. 

S.E. 


0.307 

6.36 


. 

Sig. diff. . 


0.97 

20.10 



1940 

• Oct. 1 

20 

9.01 

139.19 

36.20 

27.5 

Oct. 15 . 

25 

8.95 

138.11 

3^.12 

27.3 

Nov. 1 . 

35 

8.42 

129.94 

’34.61 

26.3 

Nov. 15 . 

40 

7.65 

118.05 

30.31 

23.3 

Dec. 1 

50 

3.79 

58.49 

18.39 

14.5 

Dec. 15 

50 

1.05 

16.20 

11.77 

9.5 

Mean . 


6.48 

100.00 



S.E. 


0.458 

7.068 


. 

Sig. diff. 


1.35 

20.83 



1941 

Oct. 1 ... 

18 

5.00 

90.04 

34.74 

26.0 

Oct. 15 

37 

7.87 

142.03 

33.10 

24.9 

Nov. 1 

50 

8.08 

146.00 

26.36 

20.9 

Nov. 15 

60 

7.31 

132.01 

22.90 

18.7 

Dec. 1 

53 

3.47 

62.07 

14.84 

13.1 

Dec. 15 . 

35 

1.46 

26.04 

9.61 

9.3 

Mean 


5.53 

100.00 


. 

S.E. 


0.375 

6.78. 



Sig. diff. ... 


1.11 

20.00 




The plants of the late sowings usually have heavier attacks and give much 
lower yields. 

An illustration of the effect of date of sowing on amount of disease and 
consequently on yield was clearly seen in an experiment which was designed 
for this purpose in 1939-1940 at Dokki. Successive sowings were made 
Oct. 9 and 15, Nov. 1 and 15, Dec. 1 and 15, 1939. Plots were 3x7 meters, 
and each treatment was repeated six times. The data obtained are in table 
2 and illustrated in figu^fe 1. 
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Fio. 1. Six samples, each containing 1250 wheat kernels, collected at random from 
crops sown on different dates in 1939—a, Oct. 9; h, Oct. 15; c, Nov. 1; d, Nov. 15; e, 
Dec. 1; and f, Dec. 15. 


The same experiment was repeated in different localities in 1940-1941 
and in 1941-1942. Table 2 also contains data obtained from the two experi¬ 
ments at Dokki in 1940-1941 and 1941-1942, respectively. 

The weight of the yield tends to diminish with successive sowings. A 
careful study of the data presented in table 2 will show that, though the 
effect of date of sowing on yield is pronounced, the differences in yield are 
not always well correlated with the amount of disease. It seems that the 
plants of the early sowings escaped most of the ill effects of the disease. 
The disease appeared on the plants of the early sowings after the formation 
of the seed, i.e., when the crop was about to ripen. This left a short time 
for the disease to parasitize the host and, thus, though rust was severe, it 
had little effect on the yield. 

To find out this, the plants of the experiment of 1941-1942 at Dokki 
were observed closely from the time of sowing to the time of harvest. Rec¬ 
ords of the dates of the first appearance of the disease on the plants and the 
first appearance of the ears are shown in table 3. 

TABLE 3.— The time elapsing 'between heading and the appearance of black stem 
rust infection in wheat sown on different dates in 1941 at Dokki, in Middle Egypt 


Date of the appearance of Period between ap 

Date of sowing, 1941-pearanco of ears 

Ears Bust infection and rust 


Oct.l 

Dec. 20 

Oct. 16 

Jan. 6 

Nov.l 

Feb. 4 

Nov. 15 

Feb. 17 

Dec. 1 

Mar. 3 

Dec. 15 

Mar. 13 



Days 

Feb. 17 

60 

Feb. 19 

45 

Feb. 23 

20 

Feb. 26 

10 

Mar. 3 

0 

Mar. 13 

0 
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It appears from the records given in table 3 that the period between the 
appearance of the ears and the initial attack of the disease on the same crop 
diminishes gradually with the successive sowings. It was 60 days in the first 
sowing, 45 in the second, 20 in the third, and 10 in the fourth. The disease 
and the ears appeared at the same time on the plants of the last two sowings. 

The ears, or the kernels, of the plants of the first sowings had, therefore, 
much more time to grow during the absence of the disease. The kernels 
were nearly mature at the time of the appearance of the disease on the 
crop. They almost attained, therefore, their full size, so that a normal yield 
was produced. 

In the last sowings, the disease had, from the beginning, a very big 
share of the food provided by the plants for the formation of the kernels. 
The kernels, thus, matured abnormally and became shrivelled, and there 
was an enormous decrease in the yield. 

TABLE 4.— The effect of irrigations on development of hlacl^ stem rust and on 
yield of wheat at DolcMf Egypt, in two growing seasons 


Growing season and 
number of waterings 

Rust 

infection 

Yield per 
feddan 

Yield 

Av. weight 
of 3000 
kernels 

Av. volume 
of 1000 
kernels 


Per cent 

Ardch 

Per cen t 

Grams 

Co. 

1939-1940 

One, at sowing time 

30 

4.18 

70.73 

25.30 

39.3 

Two. 

50 

6.59 

311.51 

27.25 

20.8 

Three , . 

55 

6.67 

112.86 

28.01 

21.0 

Four 

65 

6.22 

305.25 

26.56 

20.3 

Five 

65 

5.85 

98.98 

■ 26.33 

20.0 

Mean , 


5.91 

100.00 



S.E. 

Sig. diff. 


0.586 

1.91 

9.92 

32.33 



1940-1941 

One, at sowing time 

30 

4.71 

77.09 

30.12 

23.2 

Two 

60 

5.64 

92.32 

31.41 

24.0 

Three . 

70 

6.61 

308.18 

33.64 

26.0 

Four . 

70 

6.65 

108.84 

34.57 

20.5 

Five . 

70 

6.94 

113.58 

34.75 

26.5 

Mean . 


6.11 

100.00 



S.E. 


0.408 

6.678 



Sig. diff. 


3.26 

8.41 




Number of Waterings 

It has been mentioned that the outbreak of the disease in the Luxor region 
in 1941 was much more severe in the crops which had received more water 
during their growth. It was also observed by Pantanelli (43) that infection 
was very severe in cases where much water was absorbed by the plant, in 
proportion to the weight of its absorptive system, during the period immedi¬ 
ately preceding inoculation, and that an increased concentration of the nu¬ 
trient solution diminished susceptibility in so far as it reduced the absorptive 
activity of the roots. 

To find out whether the number of waterings given to the plants during 
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their growing season affects in any way the development of stem rust disease, 
two similar experiments were designed at Dokki, one in 1939-1940 and the 
other in 1940-1941, on 3 x 7 meter plots. Each treatment was repeated five 
times. The results are in table 4. 

The amount of the disease increased with the increase in the number of 
waterings given to the crop during its growing period. There was no appre¬ 
ciable difference in the yields for the different treatments. The expected in¬ 
crease in yield of the crop receiving one watering, where rust was light, was 
not attained. This was due to shortage in the soil moisture resulting from 
the single watering received by the plants. The loss in yield due to the in¬ 
sufficient single watering was equal to, if not more than, that caused by rust 
in other treatments. In the first case yield was affected by lack of water, 
while in the other cases the plants were weakened by rust. In both cases 
the grain shriveled as a result ot* too rapid ripening of the crop. 

The number of waterings seemed to have also an indirect effect on the 
spread of the disease. The irrigated soil usually produced a humid atmos¬ 
phere around the plants themselves. This promoted germination of the 
spores and thus facilitated secondary infection. 

ManxtrM Treatmcrit 

It is a general experience of farmers that nitrogenous manures increase 
the incidence of the disease. The value of manuring as a preventive of rust 
was demonstrated by many workers on plant diseases. Ilicke (26) re¬ 
ported that wheat plants receiving potassium salt together with ammonium 
sulphate remained almost entirely free from infection, while those receiving 
only ammonium sulphate were heavily infected. Phosphoric acid and lime 
also tended to counteract the development of yellow rust, whicli had been 
observed to occur with particular severity on wheat following clover and 
other Leguminosae. Gunther (23) stated that infection with yellow rust 
was most severe in fields where wheat followed clover and root crops, be¬ 
cause of the excess of nitrogen and the depletion of potash and phosphoric 
acid in the soil. Fertilization with ammonium compounds reduced the in¬ 
cidence of infection but induced lodging. The greatest resistance was in 
crops growing on soil to which potash and phosphoric acid had been applied. 
Mass (36) reported that potash increased resistance to yellow rust. Finger 
(15) stated that although late applications of nitrogen were usually con¬ 
sidered to increase susceptibility, yet plentiful and uniform applications 
greatly reduced the incidence of infection but also resulted in lodging and 
delayed maturity. Liberal applications of potash strengthened the plants 
and increased their resistance to yellow rust. Remy and von Meer (45) 
concluded that potassium chloride gave better control of yellow rust than 
potassium sulphate. There appears to be a correlation between the high 
chloride content of the salt (acting, perhaps, by acidification of the cell 
sap) and the resistance to yellow rust. Schilcher (47) found that potash 
and phosphorus fertilizers reduce the incidence of rust which was pro¬ 
moted, on the other hand, by nitrogenous fertilizers. 
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In order to find out the effect of manurial treatments on stem rust of 
wheat, an experiment was carried out at Dokki during 1939-1940, using 
3x7 meter plots which had been differently manured. The treatments, for 

TABLE 5.— The hlaclc stem rust infection and yield of wheat given various manurial 
treatments at BoTclci, Egypt, in 1939-1940 


Treatment and time 
applied 

Bust 

infection 

Yield per 
feddan 

Yield 

Av. ^weight 
of 1000 
kernels 

Av. volume 
of 1000 
kernels 

Calcium nitrate 

Per cent 

Ardeh 

Per cent 

Grams 

Cc. 

After sowing. 

50 

4.85 

90.99 

25.52 

19.5 

Before first watering 
One-half after sowing, 
one-half before first 

50 

6.23 

116.89 

29.21 

22.5 

watering . 

One-half after sowing, 
one-half before sec- 

60 

6.94 

130.21 

30.18 

22.8 

ond watering. 

One-half before first 
watering, one-half 
before second 

60 

5.99 

112.38 

28.39 

21.3 

watering ... 

One-third after sowing, 
one-third before first 
watering, and one- 
third before second 

60 

5.71 

107.13 

28.16 

21.1 

watering 

Potassium sulphate 

62 

6.03 

113.13 

28.43 

21.3 

After sowing 

50 

4.85 

90.99 

25.52 

19.5 

Before first watering 
One-half after sowing, 
one-half before first 

60 

4.80 

90.06 

25.45 

19.4 

watering . 

One-half after sowing, 
one-half before sec¬ 

65 

5.44 

102.06 

' 27.10 

20.5 

ond watering 

One-half before first 
watering, one-half 
before second 

55 

4.81 

90.24 

25.45 

19.5 

watering . 

One-third after sowing, 
one-third before first 
watering, and one- 
third before second 

55 

4.55 

85.37 

25.31 

19.4 

watering . 

Superphosphate 

60 

5.07 

95.12 

26.50 

20.5 

Before sowing 

Farmyard manure 

50 

4.63 

86.87 

25.51 

19.8 

Before sowing . 

50 

5.34 

100*.19 

26.91 

20.8 

Control . 

50 

4.80 

90.06 

25.45 

19.3 

Mean . 


5.33 

100.00 



S.E... 


0.465 

8.72 



Sig. diff. 


1.35 

25.32 




triplicate plots, were as follows: Calcium nitrate, 200 kilos per feddan; 
Potassium sulphate, 200 kilos per feddan; Superphosphate, 200 kilos per 
feddan; Farmyard (Baladi) manure, 15 cubic meters per feddan; Control, 
nothing added. 
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The (lata (Table 5) show that there is a particular advantage in using 
the nitrogenous manure. The plants manured with calcium nitrate, except 
those of the first treatment, gave slightly better yield. There was not much 
difference in the amount of the disease in all treatments. 

Two experiments using only the nitrogenous manure (Calcium nitrate) 
were designed at Dokki during 1940-1941 and 1941-1942 in order to ascer¬ 
tain the value of the nitrogenous manure on the incidence of black stem 
rust. The data obtained are in tables 6 and 7. The expected increase in 
yield in the manured plots was not attained because the amount of the disease 
on the manured plants was more than the amount on the controls. 

TABLE 6 .—hlaek stem rust infection and yield of wheat given calcium nitrate 
at various times and grown at Bolchi, Egypty in 1&40-1941 


Time at wliich calcium 
nitrate (200 k. per 
feddan) was applied 

Rust 

infection 

Yield per 
feddaii 

Yield 

Av. weight 
of 1000 
kernels 

Av. volum 
of 1000 
kernels 


Fer cent 

Ardeb 

Per cent 

Grams 

Cc. 

After sowing 

68 

2.79 

105.28 

13.59 

11.9 

Before first watering . 

65 

2.39 

90.18 

12.90 

11.2 

Before second watering 

65 

2.88 

108.67 

13.70 

11.9 

One-half after sowing 
and one-half before 
first watering . 

70 

2.76 

104.15 

13.51 

11.8 

One-lialf after sowing 
and one-half before 
second watering 

70 

2.46 

92.83 

13.12 

11.4 

One-half before first 
watering and one-half 
before second watering 
One-third after sowing, 
one-third before first 
watering, and one-third 
before second watering 

75 

2.45 

92.45 

12.99 

11.4 

75 

2.68 

101.15 

13.32 

11.5 

Control . 

40 

2.75 

103.73 

13.39 

11.6 

Mean • ^ . 


2.65 

100.00 



SI 

sig.'diff. . . I.'.’ 


0.268 

0.79 

10.113 

29.81 




VARIETAL RESISTANCE 

The Hindi varieties of wheat are susceptible to stem rust disease, while 
the Baladi varieties are comparatively resistant or even immune. 

In an experiment at Dokki during 1941-1942 a number of commercial 
varieties were tested with reference to this point. Observations also were 
taken from variety experiments made in the same year all over the country. 
The data obtained are in table 8. 

Among the varieties tested under the different conditions of these ex¬ 
periments the least susceptible to black stem rust disease were the Baladi 
varieties. The Hindi varieties were much more susceptible to the disease. 

USE OF FUNGICIDES FOR DISEASE CONTROL 

Much work has been done in an attempt to prevent attacks of rust 
diseases by chemical means. Kellerman (30) was among the earlier workers 
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on this subject. He treated wheat, oats, and barley with flowers of sulphur, 
potassium sulphide, iron chloride, and Bordeaux mixture, and got negative 
results. Many other investigators, including Pammel (42), Hitchcock and 
Carleton (27, 28), Bolley (5), Cobb (9), Galloway (16), Pearson (44), and 
Noiret (41), followed his footsteps using different fungicides to find out 
whether or not the development of rust could be prevented, but they did 
not get definite results. 


TABLE 7.— The hlaclc stem rust infection and yield in wheat sv 2 >plied with varying 
amounts of calcium nitrate and grown at BoTclciy Egyptj in 1S41-1042 


Calcium nitrate added 
to the feddan at the 
rate of 

Rust 

infection 

Yield per 
feddan 

Yield 

Av. weight 
of 1000 
kernels 

Av. volume 
of 1000 
kernels 

100 kilos: before first 

Ver cent 

Ardch 

Per cent 

Grams 

Cr. 

watering . 

100 kilos: one-half before 
first watering and one- 
half before second 

21 

10.88 

111.00 

35.37 

27.4 

watering . 

200 kilos: before first 

21 

11.14 

113.06 

34.57 

26.8 

watering . 

200 kilos: one-half before 
first watering and one- 
half before second 

24 

9.05 

92.03 

33.54 

26.3 

watering . 

300 kilos: before first 

24 

9.18 

93.67 

33.97 

26.5 

watering . 

300 kilos: one-half before 
first watering and one- 
lialf before second 

24 

9.96 

101.06 

32.34 

26.2 

watering . 

300 kilos: onc-third be¬ 
fore first watering, ono- 
third before second 
watering, and one- 
third before third 

26 

9.63 

98.02 

33.33 

25.6 

watering . 

400 kilos; one-fourth be¬ 
fore first watering, one- 
fourth before second 
watering, one-fourth 
before third watering, 
and one-fourth before 

26 

9.06 

92.04 

32.78 

25.5 

fourth watering . 

31 

9.24 

94.02 

32.10 

25.1 

Control . 

18 

10.10 

103.00 

36.13 

27.9 

Mean . 


9.80 

100.00 



S.E. 

Sig. diff. 


0.798 

2.28 

8.14 

23.02 




Eriksson and Henning (14) gave a detailed summary of the earlier in¬ 
vestigations on the possibility of controlling rusts by the use of chemicals, 
and they concluded that, although partial control of rust is possible by the 
use of fungicides, practical control is not feasible. 

The results of the experiments of Kightlinger (31) demonstrated clearly 
the possibility of controlling cereal rusts by dusting growing plants with 
sulphbr. He pointed out that spraying is impracticable. Lambert and 
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Stakman (34), and Gassner and Straib (17) also recognized the impractica¬ 
bility of spraying for the control of rust diseases of small grains. 

Bailey and Greaney (2) succeeded in controlling leaf and stem rust of 
wheat by dusting the growing crop with sulphur. The works of Kightlinger 
and Whetzel (32) and of Lambert and Stakman (33) confirmed the possi¬ 
bility of preventing rust by dusting with sulphur. Deutelmoser (10) recom¬ 
mended spraying with Bordeaux mixture for the prevention of rust of peas, 
beans, celery, and asparagus. Bailey and Greaney (3, 4), Sibilia (48), 
Giissow (24), Mencacci (40), Roussakoff (46), Lambert and Stakman (34), 
Lehman and Poole (35), Greaney (18,19), Mains (38), Stakman and Person 
(50), and Broadfoot (8) found that rusts of wheat and oats were consider¬ 
ably reduced by dusting the plants in the field with sulphur (Mencacci used 

TABLE 8.— The blaclc stem rust infection in several varieties of wheat grown at five 
different places in Egypt in 1041-1012 


Percentage rust infection at 


Variety 

Origin of variety 

Dokki 

Mazghonna. 

(Giza) 

Gemmeza 

Sakha 

El-Servv 

Baladi 116 
Baladi Bouhi 

Single plant selection 
Do 

Tr. 

8 

Tr. 

Tr. 

Tr. 

Tr. 

Hindi Maarad 

Do 

25 





Hindi D 

Do 

35 

25 

60 

55 

80 

Hindi 62 

Do 

20 

30 

65 

60 

70 

(Daliabi) 

Kazouria 

Foreign variety 

15 


40 



Giza 121 

Giza 7 X Baladi 42 

25 

. 8 

35 

45 

(Mabrouk) 

Giza 129 

Do X Hindi 39 


3 

50 

70 

20 

Giza 130 

Do X Hindi 39 


3 

10 

50 

10 

Giza 131 

Do X Hindi 39 


3 

5 

50 

5 

Giza 133 

Do X Hindi 12 


2 

15 

25 

15 

Hindi Abiad 

Single plant selection 

25 





(Tosson) 


cupric sulphur), which was applied by means of hand, horse-drawn, and 
aeroplane dusters. 

Schilcher (47) found that while Bordeaux mixture proved ineffective in 
combating the brown rust of wheat, some benefit was derived from unoiled 
calcium cyanamide dust, though accompanied by burning of the leaves. 
Grooshevoy and Maklakova (22) stated that dusting with sulphur can be 
financially sound only in' regions where rusts are particularly severe and in 
years of heavy epidemics. The work of Greaney (20 and 21), Maekie (37), 
and Sibilia (49) confirmed the conclusion that sulphur dust is effective in 
the prevention of wheat rusts. El-Helaly (12 and 13), in testing the value 
of different fungicides for bean rust control, found that spraying with 
one-half per cent Bordeaux mixture could be considered as the most 
efficient and profitable method for controlling rust and chocolate spot (11) 
of beans in Egypt. Hart and Allison (25) used borax (sodium borate), 
picric acid, para-toluenesulphonylamide, and ortho-toluenesulphonylamide 
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for stem rust control and found that the two last named gave the most 
promising results. The data obtained are considered to justify further ex¬ 
perimentation with the two toluene compounds. Straib (51) concluded that 
it was as yet impossible, on the basis of his greenhouse trials, to forecast the 
commercial possibilities of spraying with picric acid, ortho- and para-toluol- 
sulphonamide, acridin, and 0.2 per cent borax. 

Preliminary Experiments .—A preliminary experiment was designed at 
Giza using a susceptible wheat variety, Hindi 12, which was sown as a pro¬ 
tective belt for a checker experiment. The plants were already slightly 
infected at the beginning of the treatments which commenced on March 12, 
1936. Sprays were applied at weekly intervals, while dusting with sulphur 
was performed twice a week. Each treatment was repeated twice. Treated 
and nontreated plots were alternately arranged. The results taken at 
harvest time. May 11, 1936, are given in table 9. 

TABLE 9.— The black stem rust infection in wheat grown in duplicate plots at Gisa^ 
Egypt in 1935-1936 and treated with various fungicides 


Percentage rust infection 

Fungicides -- 

Plot 1 Plot 2 


Nontreated . 81 97 

0.4 per cent Sulsol + 0.4 per cent soap .... 28 4 

Nontreated . 32 76 

0.4 per cent Bouisol . 5 7 

Nontreated . 81 88 

Sulphur, 15 kilos per application per feddan. 63 45 

STontreated . . 97 ’ 77 

5 per cent diluted lime-sulphur . 11 ' 5 

Nontreated . 93 90 

1 per cent Bordeaux mixture, mixture C. 8 9 

Nontreated . 81 90 


The data show that the effect of sprays in preventing stem rust is pro¬ 
nounced : the incidence of the disease was reduced about 80 per cent. On 
the other hand, sulphur dust had only slight effect on the disease. 

This work was continued during 1936^1937 and 1937-1938 to verify the 
results in hand. Weight of yield was taken into consideration. 

The experiments which were designed for this purpose at Gemmeza and 
Pariskour in 1936-1937 and at Dokki in 1937-1938 gave similar good results 
concerning the control of the disease. The disease was slight in these two 
seasons and appeared, also, late on the plants, particularly in 1937-1938. 

Tables 10 and 11 present the data obtained from the Gemmeza and Dokki 
experiments of 1936-1937 and 1937-1938, respectively. Plots 3x4 meters 
were used, and each treatment was repeated three times. 

The effect of the disease on the crop was slight because it appeared late 
on the plants of the two experiments. Nevertheless, the results obtained 
give a hopeful indication of the possibility of preventing black stem rust 
with chemicals. The following observations are worth mentioning: 
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1. Dusting with flowers of sulphur and with Kolodust had a very slight 
effect on controlling stem rust. 

TABLE 10 .—The hlacic stem rust infection and yield in wheat sprayed with fungi¬ 
cides, Experiments at Gemmesa, Egypt in 1936-1937 


Treatment commenced on 


Fungicides and 
concentrations 

Interval 

between 

applica¬ 

tions 

February 3, 

1937 

March 5, 

1937 

Total no. 
of appli¬ 
cations 

Bust 

infec¬ 

tions 

Av. yield Total no 
per fed- of appli- 
dan cations 

Bust 

infec¬ 

tions 

Av. yield 
per fed- 
dan 


WeeTcs 

Ter cent 

Ardeb 


Per cent 

Ardeb 

Amberino . . 

2 

6 



4 



0.2 per cent* . 



55 

8.2 


55 

7.4 

0.] per centa 



55 

8.5 


()5 

7.6 

0.05 per centa. 



70 

8.3 


70 

6.3 

Dilute lime sulphur ... . 

2 

6 



4 



5.0 per centa . 



15 

9.6 


15 

9.6 

2.5 per centa 



20 

8.6 


20 

9.0 

1.25 i)er cent® . 



25 

8.6 


40 

8.6 

Sulsol . 

2 

6 



4 



0.3 per centa 



30 

8.1 


50 

7.8 

0.15 per centa 



45 

8.9 


60 

7.6 

0.075 per centa . . .. 



48 

8.7 


70 

8.3 

Bouisol 

2 

6 



4 



0.2 per cent. 



65 

7.1 


45 

8.0 

0.1 per cent. 



60 

7.1 


60 

7.3 

0.05 per cent . 



55 

8.6 


65 

7.2 

Bordeaux mixture C ... . 

2 

6 



4 



1.0 per cent . 



20 

9.4 


50 

8.8 

0.5 per cent. 



25 

8.3 


60 

8.6 

0.25 per cent. 



40 

8.7 


60 

8.3 

Amberine . 

4 

3 



2 



0.2 per centa . 



55 

8.3 


65 

7.7 

0.1 per centa . 



70 

7.5 


75 

7.8 

0.05 per cent* . 



70 

7.1 


75 

7.7 

Dilute lime sulphur . 

4 

3 



2 



5.0 per centa . 



25 

8.9 


40 

8.2 

2.5 per centa . 



40 

8.7 


50 

7.9 

1.25 per centa . 



45 

8.7 


55 

7.7 

Sulsol . 

4 

3 



2 



0.3 per centa . 



45 

7.2 


65 

6.5 

0.15 per centa . 



40 

8.1 


65 

7.1 

0.075 per cent® . 



50 

7.8 


70 

8.1 

Bouisol . 

4 

3 



2 



0.2 per cent. 



50 

8.3 


65 

6.8 

0.1 per cent . 



60 

8.3 


70 

7.0 

0.05 per cent. 



60 

7.9 


70 

6.7 

Bordeaux mixture C. 

4 

3 



2 



1.0 per cent. 



40 

8.8 


60 

8.0 

0.5 per cent. 



45 

8.2 


70 

7.2 

0.25 per cent. 



60 

8.7 


70 

7.3 

Control (Not treated) ... 


. 

70 

7.2 


70 

7.2 


• A 0.2 per cent soap was added to the fungicide. 

2. A few sprays gave rather satisfactory control of the disease. Lime- 
sulphur seemed to be the most effective in preventing stem rust. 
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TABLE 11.— The Mack stem rust infection and yield of wheat 
ivith sulphur compounds. Experiment.^ at Dokki, Egypt in 1938-1939 


Treatment, sulphur com¬ 
pound, and amount used 
on a feddan 


Number of applica¬ 
tions and dates, 1939 


Rust 

infection 




Per cent 

Dust 

Flowers of sulphur 

Three: Mar. 28, 


20 lb. 

Apr. 6 and 28 

40 

40 lb. 

40 

80 lb. 


35 

Control 


40 

Kolodust 

Three: Mar. 28, 


20 lb. 

Apr. 6 and 28 

40 

40 lb. 

40 

80 lb. 


35 

Control 


40 

Spray 

Kolofog 

One: Mar. 27 


20 lb. 


40 

40 lb. 


35 

80 lb. 


35 

Control 


40 

Kolofog 

Two: Mur. 27 


20 lb. 

and Apr. 5 

35 

40 lb. 

35 

80 lb. 


35 

Control 


40 

Kolofog 

Three: Mar. 27, 


20 lb. 

Apr. 5 and 28 

45 

40 lb. 

35 

80 lb. 


30 

Control 


35 

Wett.'ible sulphur 

One: Mar. 27 


20 lb. 


35 

40 lb. 


40 

80 lb. 


40 

Control 


40 

Wettuble sulphur 

Two: Mar. 27 


20 lb. 

and Apr. 5 

35 

40 lb. 

40 

80 lb. 


30 

Control 


40 

Wcttable sulphur 

Three: Mar. 27, 


20 lb. 

Apr. 5 and 28 

25 

40 lb. 

25 

80 lb. 


25 

Control 


35 

Dilute limo-sulpliur 

One: Mar. 27 


5 per cent 


• 10 

2.5 per cent 


20 

1.25 per cent 


25 

Control 


40 

Dilute lime-sulphur 

Two: Mar. 27 


5 per cent 

and Apr. 5 

5 

2.5 per cent 

10 

1.25 per cent 


20 

Control 


45 

Dilute lime-sulphur 

Three: Mar. 27, 


5 per cent 

Apr. 5 and 28 

Tr. 

2.5 per cent 

5 

1.25 per cent 


15 

Control 


45 


[VoL. 38 

dusted or sprayed 


Av. yield 
per feddan 


Ardeh 


9.57 

9.49 

9.81 

9.22 


9.73 

9.71 

9.97 

9.65 


9.25 

10.19 

10.15 

9.74 


10.23 

10.10 

10.30 

9.87 


8.74 

10.20 

10.74 

10.10 


10.92 

9.48 

10.03 

9.99 


10.24 

9.44 

10.83 

9.74 


11.92 

11.05 

11.55 

10.39 


10.95 

10.11 

10.79 

9.93 


11.57 

10.52 

10.73 

9.36 


11.96 

11.66 

10.91 

9.37 
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3. Although the difference in amount of yield between the treated and 
the nontreated plots was small, yet it was suflScient for us to conclude 
that these sprays are somewhat effective in preventing the disease. 
The difference was more pronounced with lime-sulphur. 

This work was continued in 1939-1940 m order to study the relative 
fungicidal value of the available sulphur dusts and sprays and to determine 
which of them was the most suitable for preventing the disease. Different 
doses of dusts and dilutions of sprays as well as different numbers of appli¬ 
cations were tried. 

TABLE 12.— The black stem rust infection and yield of wheat treated with flowers 
of sulphur or with Kolodust at weekly or fortniyhlhf intervals. Experiments at Dokki 
in 1039-1040 



Total no. of 




Av. 

Av. 

Sulphur compound 
and .amount used 

applications 
and time 
between 

Rust 

infection 

Yield 

per 

feddan 

Yield 

weight 

of 

1000 

volume 

of 

1000 


applications 




kernels 

kernels 



Per cent 

Ardeh 

Per cent 

Grams 

Cc. 

Flowers of sulphur 

Six: 1 week 






20 lb. 


(50 

5.78 

96.81 

26.33 

19.8 

401b. 


55 

5.34 

89.44 

26.79 

20.4 

80 lb. 


60 

5.83 

97.65 

25.36 

19.3 

Control 

Flowers of sulphur 

Three: 2 weeks 

60 

5.97 

100.00 

26.33 

20.0 

20 lb. 


65 

6.23 

104.35 

25.25 

19.3 

401b. 


55 

5.54 

92.79 

26.14 

19.8 

80 lb. 


60 

6.34 

106.19 

25.47 

19.3 

Control 


55 

6.38 

106.86 

25.73 

19.6 

Kolodust 

Six: .1 week 






20 lb. 


55 

6.03 

101.00 

25.29 

19.3 

40 lb. 


55 

6.19 

103.68 

29.98 

20.4 

801b. 


55 

7.15 

119.76 

27.13 

20.5 

Control 

Kolodust 

Tlirce: 2 weeks 

55 

5.35 

89.61 

25.51 

19.4 

20 lb. 


60 

5.83 

97.65 

25.91 

19.8 

40 lb. 


65 

5.70 

95.47 

26.88 

20.4 

80 lb. 


60 

6.23 

104.35 

26.98 

20.5 

Control 


60 

5.67 

94.97 

25.84 

19.8 

Mean 



5.97 

100.00 



S.E. 



0.498 

8.34 



Sig. diff. 



1.438 

24.09 




Dust Fungicides .—An experiment, using 3x7 meter plots, was carried 
out at Dokki in 1939-1940 to ascertain the value of flowers of sulphur and 
Kolodust on the prevention of black stem rust disease and, eventually, on 
the yield. Dusts were applied at the rate of 20, 40, and 80 lb. dust per 
feddan at weekly and at fortnightly intervals, each treatment being repeated 
three times. Table 12 contains the data obtained. 

The results confirmed the conclusion already mentioned. Dusting the 
plants with either flowers of sulphur or Kolodust had slight effect on the 
disease and, consequently, on the yield. 

Spray Fungicides .—The results of the preliminary experiments gave 






TABLE 13.— The hlaclc stem rust infection and yield of wheat sprayed with fungi- 
cideSf and the net profit or loss resulting from treatment. Experintents at DoJcJci in 
19S9-1340 


Spray material, 
concentration or 
amount used on 
a fcddan 


No. of 
applica¬ 
tions 


Rust Yield 
infec- per 
tion feddan 


Av. 

weight 

Yield of 
1000 
kernels 


Av. 

volume Net 

of profit 

1000 or loss 
kernels 


Dilute lime-sulphur 

5 per cent . 1 

2 

3 

2.0 per cent . 1 

2 

3 

1.25 per cent. 1 

2 

3 

Control . 1 

2 

3 

Kolofog 

80 lb. 1 

2 

3 

40 lb. 1 

2 

3 

20 lb. 1 

2 

3 

Control . 1 

2 

3 

Wettable sulphur 

80 lb. 1 

2 

3 

40 lb. 1 

2 

3 

20 lb. 1 

2 

3 

Control . 1 

2 

3 

Bordeaux mixture 

(home-made) 

1 per cent .. . ] 

o 

3 

0.5 per cent ... 1 

2 
3 

0.25 per cent . 1 

2 

3 

Control . 1 

2 


3 

Mean . 

S.E. , :. 

Sig. diff. 


Per cent 

Ardeb 

Per cent 

75 

5.54 

111.23 

15 

8.47 

172.50 

5 

10.55 

214.86 

80 

4.45 

90.63 

45 

6.91 

140.73 

15 

8.38 

170.67 

85 

4.18 

85.31 

60 

6.45 

131.36 

40 

6.74 

137.27 

95 

3.40 

69.24 

100 

3.50 

71.28 

100 

2.72 

55.39 

95 

4.38 

89.20 

80 

4.40 

89.61 

85 

4.92 

100.20 

95 

4.16 

84.72 

85 

4.76 

94.90 

85 

4.56 

92.87 

95 

3.93 

80.04 

90 

4.76 

96.94 

85 

5.16 

105.09 

95 

3.99 

81.26 

95 

3.96 

80.65 

90 

4.76 

96.94 

75 

4.61 

93.89 

85 

5.28 

107.55 

80 

5.04 

102.64 

90 

4.03 

82.07 

90 

5.19 

105.70 

80 

5.67 

115.47 

90 

4.04 

82.28 

95 

5.19 

105.70 

80 

5.48 

111.60 

100 

3.30 

67.20 

100 

3.61 

73.52 

95 

3.94 

80.24 

95 

3.64 

74.13 

80 

5.57 

113,44 

70 

5.87 

119.55 

90 

3.89 

79.22 

80 

4.25 

86.55 

80 

4.48 

91.24 

95 

4.29 

87.37 

90 

4.20 

85.53 

85 

4.40 

89.61 

95 

3.89 

79.22 

90 

4.58 

93.27 

95 

3.81 

77.59 


4.91 

100.00 


0.610 

12.42 


1 73 

QK OO 


Grams 

Cc. 

£ 

19.10 

15.0 

-}- 2.600 

27.27 

23.0 

+ 6.235 

30.88 

23.3 

+ 9.925 

18.76 

14.8 

-1- 0.935 

25.56 

19.6 

+ 4.335 

28.69 

21.7 

+ 5.520 

16.91 

13.6 

+ 0.740 

21.30 

16.8 

+ 3.765 

24.79 

19.3 

+ 4.740 

14.28 

11.9 

0.000 

36.06 

13.8 

0.000 

13.13 

10.9 

0.000 

15.68 

12.7 

+ 0.085 

23.22 

18.5 

-0.640 

18.34 

15.2 

- 2.490 

33.77 

11.3 

-0.175 

18.54 

14.8 

4 0.300 

17.08 

14.2 

- 0.050 

35.01 

32.5 

- 0.440 

17.43 

13.8 

+ 0.500 

37.79 

34.3 

- 0.450 

13.41 

11.3 

0.000 

13.63 

11.5 

0.000 

16.77 

13.7 

0.000 

14.42 

12.2 

4 0.915 

19.62 

15.2 

■+ 0.405 

19.44 

15.9 

-1.230 

15.93 

13.0 

- 0.020 

17.36 

14.0 

+ 3.070 

19.98 

15.6 

+ 0.645 

17.24 

13.8 

+ 0.660 

17.13 

14.2 

+1.470 

19.73 

15.5 

+ 0.225 

13.41 

11.3 

0.000 

13.76 

11.9 

0.000 

34.01 

12.0 

0.000 


16.36 

13.3 

-0.865 

38.71 

14.9 

+ 0.505 

20.55 

16.5 

4 1.620 

18.64 

13.2 

- 0.370 

18.45 

14.8 

-1.235 

16.34 

13.0 

-0.305 

17.20 

14.0 

+ 0.240 

16.88 

13.7 

- 0.131 

13.67 

11.2 

- 0.040 

14.02 

11.4 

0.000 

15.47 

12.7 

0.000 

16.14 

13.2 

0.000 
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great promise to the possibility of preventing black stem rust disease by 
spraying the plants in the field with fungicides. This line of investigation 
was continued during the wheat growing season of 1939-1940, in order to 
determine the cheapest, most effective and economic spray for stem rust 
control. Table 13 gives the result of an experiment carried out at Dokki, 
using 3x7 meter plots. Different numbers of sprays with different con¬ 
centrations in each case were tried. The treated plots received either one 



Fia. 2. Twelve samples, each containing 75 wheat kernels, collected at random from 
crops receiving lime-sulphur sprays in 1940. Samples a, b, and c were from crops re¬ 
ceiving 3 sprays (March 12 and 26, and April 10) of 5 per cent, 2.5 per cent, and 1.25 
per cent, respectively, of diluted lime-sulphur. Lot d was from the control plot. Samples 
e, f, and g were from plots receiving 2 sprays (March 12 and 26) of 5 per cent, 2.5 
per cent, and 1.25 per cent, respectively, of diluted lime-sulphur. Lot h was from the 
control plot. Samples i, j, and k were from plots receiving a single spray (March 12) 
of 5 per cent, 2.5 per cent, and 1.25 per cent, respectively, of diluted lime-sulphur. 
Lot 1 was from the control plot. 

spray oii March 12, 1940, or two sprays on March 12 and 26, 1940, or three 
sprays on March 12, March 26, and April 10, 1940. Each treatment was 
repeated three times. 

An examination of the results given in table 13 leads to the following 
conclusions: 

1. Kolofog and Bordeaux mixture had a very slight effect on the disease 






178 Phytopathology [Vol. 38 

and consequently on the yield (Pig. 4, A and 3, B). There was a 
financial loss in most cases. 

2. The return profit derived from the use of wettable sulphur fluctuated. 
The cost of treatment was high and, therefore, did not justify the 
small profit gained by the increase in yield (Fig. 4, B). 

3. Excellent results were obtained with lime-sulphur. Yield increased 



Fig. 3.* Samples of 1500 wheat kernels eollfH*ted at random from plots receiving 
dilute lime-sulphur sprays (A) or Bordeaux mixture sprays (B) to prevent stem rust. 

In A, lots a, o, and i received 5 per cent lime-sulphur, lots b, f, and j received 2.5 
per cent, lots c, g, and k received 1.25 per cent, and lots d, h, and 1 were controls. 

In B, lots a, o, and i received 1 per cent Bordeaux mixture, lots b, f, and j received 
0.5 per cent, lots c, g, and k received 0.25 per cent, and lots d, h, and 1 were controls. 

In both A and B, lots a, b, and c received 3 sprays, on March 12 and 26 and on 
April 10, 1940. Lots e, f, and g received 2 sprays, on March 12 and 26. Lots i, j, and 
k received single sprays, on March 12. 

to a marked degree (Fig. 2 and 3, A), and a high net profit was 
obtained in all cases. 

4. Spraying with lime-sulphur proved to be the most satisfactory method 
for controlling black stem rust of wheat. It resulted in the biggest 
yield and the highest net profit. Yield differed according to eon- 
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centration of spray, number of applications, and amount of disease. 
The net profit varied accordingly from about one to ten Egyptian 
pounds per feddan. 



^ I n ii m 11 

_ ^ _ 


Fig. 4. Samples of 1500 wheat kernels collected at random from plots receiving 
Kolofog sprays (A) or wettable sulphur sprays (B) to prevent stem rust. 

Lots a, e, and i received 80 lb. of the fungicide per feddan; lots b, f, and j received 40 
lb.; lots c, g, and k received 20 lb.; and lots d, h, and 1 were controls. 

Lots a, b, and c received 3 sprays, on March 12 and 26 and on April 10, 1940. Lots 
e, f, and g received 2 sprays, on March 12 and 26. Lots i, j, and k received single 
sprays, on March 12. 

LIME-SULPHUR FOR THE PREVENTION OF THE DISEASE 

In the experiments already described, the amount of disease was success¬ 
fully reduced when plants were sprayed with 5 per cent, 2.5 per cent and 
1.25 per cent diluted lime-sulphur. There was a big increase in the yield 
and a high net profit in all cases. 

It was, therefore, advisable to study the effect of lime-sulphur on the 
disease with a view to determining the best concentration, the requisite 
number of sprays, the suitable interval between applications, and, finally, 
the time, when the treatment should begin. 
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Two similar experiments, using 3x7 meter plots, were designed in 1940- 
1941, and 1941-1942 at Dokki. Each treatment was repeated six times. 
Tables 14 and 15 present the results obtained. The data given are highly 


TABLE 14.— The "black stem rust infection and yield of wheat sprayed with con- 
centrated lime-sulphurj and the net profit or loss resulting from such treatment. Experi¬ 
ments at Dokki in 1940—1941 


Av. Av. 


strength of 

Date of 


Yield 


weight 

volume 

Net 

concentrated 

application 


per 

Yield 

of 

of 

profit 

liine-auli)hur 

1941 


feddan 


3000 

1000 

or loss 






kernels 

kernels 




Per cent 

Ardeb 

Per cent 

Grams 

Cc. 

£. 

2.5 per cent 

March 5 

35 

9.78 

115.73 

31.16 

23.5 

+ 3.890 

1.25 per cent 


50 

8.94 

105.79 

29.08 

22.5 

+ 2.750 

0.625 per cent 


55 

8.62 

102.01 

28.91 

22.4 

+ 2.330 

Control 


80 

6.78 

80.23 

26.77 

23.0 

0.000 

2.5 per cent 

March 25 

50 

8.67 

102.60 

29.31 

22.6 

+ 2.300 

1.25 per cent 


60 

8.15 

96.44 

29.35 

22.7 

H-1.640 

0.625 per cent 


60 

8.12 

96.09 

27.45 

21.2 

+1.655 

Control 


80 

6.73 

72.54 

25.55 

19.8 

0.000 

2.5 per cent 

April 12 

60 

8.75 

98.81 

28.39 

21.3 

4 3.610 

1.25 per cent 


70 

7.70 

91.12 

28.36 

21.3 

+ 0'.155 

0.625 per cent 


75 

7.31 

86.50 

28.29 

21.3 

4 0.155 

Control 


75 

7.27 

86.03 

27.22 

21.0 

0.000 

2.5 per cent 

March 5 

20 

10.08 

118.13 

32.29 

25.0 

4 2.360 

1.25 per cent 

and 25 

30 

9.53 

112.78 

31.39 

24.0 

41.735 

0.625 per cent 


45 

8.93 

105.68 

30.55 

23.5 

4 0.955 

Control 


75 

7.72 

91.36 

26.94 

21.0 

0.000 

2.5 \)eT cent 

March 5 

40 

8.90 

105.32 

29.63 

23.0 

41.930 

1.25 per cent 

and 

45 

8.68 

102.72 

29.94 ‘ 

23.2 

41.910 

0.625 per cent 

April 12 

50 

8.56 

101.30 

29.26 

22.8 

4 1.780 

Control 


80 

6.80 

80.45 

25.58 

19.8 

0.000 

2.5 per cent 

March 25 

40 

9.95 

117.51 

32.12 

25.1 

4 2.425 

1.25 per cent 

and 

45 

9.42 

110.29 

30.71 

23.7 

41.870 

0.625 per cent 

April 12 

50 

8.81 

104.26 

30.43 

23.5 

41.075 

Control 


75 

7.52 

88.99 

27.11 

21.2 

0.000 

2.5 per cent 

March 5 and 

5 

10.26 

121.42 

33.13 

26.0 

4 3.900 

1.25 per cent 

25, and 

15 

10.09 

119.40 

32.92 

25.6 

4 4.005 

0.625 per cent 

April 12 

40 

8.56 

101.30 

29.59 

22.8 

4 1.890 

Control 


80 

6.44 

76.21 

26.51 

20.8 

0.000 

Mean 



8.45 

100.00 




S.E. 



0.494 

5.846 




Sig. diff. 



1.38 

16.33 





significant and the following conclusions may be deduced: 

1. Satisfactory reduction of stem rust of wheat was attained with most 
treatments. 

2. The net profit per feddan due to the reduction of the disease varies 
from £1.00 to £4.00 according to the degree of the incidence of the 
disease, concentration of spray, number of sprays, date of initial 
spray, and interval between applications. 

3. Spraying was successful when applied at the right time, just before 
. or at the time of the appearance of the disease in the field (during the 

first half of March). 
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4. One spray is sometimes profitable; two and three sprays with two or 
three weeks interval are eflSicient in the reduction of the disease. 

5. The most effective control and the highest net profit were attained by 
the use of the higher concentrations. 

6. The data (Table 15) confirmed the general conclusions already put 
forward. This is in spite of the fact that the disease was not so 
severe, thus, having little effect on the untreated plants which pro¬ 
duced, accordingly, good yield. The difference in yield per feddan 
between the treated and the untreated crops was, therefore, not great. 

7. The net profits derived from the application of the 2.5 per cent con¬ 
centrated lime-sulphur and, to a less extent, the 1.25 per cent justify 
their use for the prevention of the disease even in years when the 
disease is slight. 


TABLE 15 .—The hlacTc stem rust infection and yield of wheat sprayed with con¬ 
centrated lime-sulphury and the net profit or loss resulting from such treatment. Experi¬ 
ments at DolcTci in 1941-134:$ 







Av. 

Av. 


Strength of 

Date of 


Yield 


weight 

volume 

Net 

concentrated 

application 

JIVU9L 

per 

Yield 

of 

of 

profit 

lime-sulphur 

1942 

AU-X U t V/ 1A 

feddan 


1000 

1000 

or loss 






kernels 

kernels 




Per cent 

Ardeh 

Per cent 

Grams 

Cc. 

£. 

2.5 per cent 

March 9 

15 

12.96 

96.17 

35.84 

26.9 

-0.610 

1.25 per cent 


20 

13.83 

105.49 

35.97 

26.8 

+ 0.725 

0.625 per cent 


25 

13.31 

101.52 

35.27 

26.5 

-H 0.005 

Control 


30 

13.02 

99.38 

34.60 

26.0 

0.000 

2.5 per cent 

March 25 

10 

13.89 

105.94 

36.23 

27.1 

-f 0.800 

1.25 per cent 


15 

12.93 

98.62 

36.20 

27.0 

- 0.490 

0.625 per cent 


20 

12.72 

97.00 

36.87 

27.1 

-0.430 

Control 


30 

12.95 

98.07 

34.26 

25.9 

0.000 

2.5 per cent 

April 12 

20 

13.22 

100.08 

34.85 

26.0 

- 0.610 

1.25 per cent 

- 

20 

12.74 

97.01 

34.15 

26.2 

- 0.490 

0.625 per cent 


25 

12.18 

92.09 

33.95 

25.6 

- 0.430 

Control 


25 

13.46 

102.06 

34.57 

25.9 

0.000 

2.5 per cent 

March 9 

2 

14.15 

107.09 

35.04 

26.3 

-f- 2.285 

1.25 per cent 

and 25 

5 

13.72 

104.06 

36.77 

27.3 

+1.870 

0.625 per cent 


15 

12.59 

96.00 

35.75 

27.1 

-f 0.290 

Control 


25 

11.82 

90.16 

33.33 

25.0 

0.000 

2.5 per cent 

March 9 

5 

13.57 

103.04 

35.72 

27.4 

+ 0.630 

1.25 per cent 

and 

10 

13.14 

100.02 

36.17 

27.3 

+ 0.220 

0.625 per cent 

April 12 

15 

12.91 

98.04 

34.69 

26.4 

- 0.005 

Control 


^ 25 

12.34 

94.01 

33.86 

25.6 

0.000 

2.5 per cent 

March 25 

5 

13.53 

103.02 

35.17 

25.5 

-0.130 

1.25 per cent 

and 

15 

13.38 

102.00 

34.27 

26.1 

-0.125 

0.625 per cent 

April 12 

20 

13.04 

99.04 

34.27 

26.4 

-0.515 

Control 


30 

12.81 

97.07 

35.92 

26.7 

0.000 

2.5 per cent 

March 9 and 

Tr. 

14.28 

108.09 

37.31 

27.8 

+1.170 

1.25 per cent 

25, and 

5 

13.21 

100.07 

37.11 

27.6 

-0.075 

0.625 per cent 

April 12 

10 

13.00 

99.01 

35.75 

26.5 

-0.190 

Control 


25 

12.28 

93.06 

34.78 

25.9 

0.000 

Mean 



13.11 

100.00 




S.E. 



0.299 

2.20 




Sig. difP. 



0.84 

6.04 
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DISCUSSION AND SUMMARY 

Black stem rust of wheat is widely distributed in Lower and, to a less 
extent, in Middle Egypt, where it sometimes causes considerable damage 
and serious losses to the crop. 

Certain cultural conditions influence the amount of the disease. The 
disease increases with the increase in number of waterings given to the 
plants, and, also, with the increase in the nitrogenous manure added to the 
soil. The plants of the early sowings usually escape the effect of the disease, 
because it appears on them after the formation of the seed, i.e., when the 
crop is about to ripen. 

The Hindi varieties of wheat are susceptible to black stem rust disease; 
while the Baladi varieties are comparatively resistant or even immune. 

In testing the efficiency and the economic value of the fungicide for 
black stem rust prevention, it was found that dusting the growing plants 
in the field with flowers of sulphur and Kolodust and spraying them with 
Kolofog, wettable sulphur, Amberine, Sulsol, Bouisol, and Bordeaux mix¬ 
ture had slight effect on the disease and, consequently, on the yield. Spray¬ 
ing with lime-sulphur, on the other hand, was the most satisfactory method 
for reducing the amount of stem rust of wheat. It resulted in the biggest 
yield and the highest net profit. These values differ according to concentra¬ 
tion of spray, number of applications, amount of disease and, finally, date 
of initial application. 

The most effective control and the highest net profit were attained with 
the use of the higher concentrations of lime-sulphur. The* increase in yield 
resulting from spraying with 2.5 and 1.25 per cent concentrated lime-sulphur 
covers the cost of tear and wear of the sprayer, the cost of material used and 
also labor, and finally leaves, in addition, some profit to justify its applica¬ 
tion. It is apparent that even in years when stem rust is slight {e,g., 1941- 
1942) spraying with the two said concentrations will control rust satisfac¬ 
torily and profitably. Spraying with each of the two said concentrations 
could therefore, be considered as the most efficient and profitable method 
for controlling stem rust of wheat in small areas in Egypt. 

Entirely satisfactory results were always obtained by applying the initial 
spray to the plants when rust was first detected in the district, and then by 
thoroughly protecting the plants until they were practically ripe. 

Although one spray gave more or less satisfactory control of the disease, 
yet one or two other sprays with an interval of two or three weeks were 
profitable. Spraying should be started just before or at the time of the 
appearance of the first signs of the disease in the field. Too early and too 
late spraying had little effect on the prevention of the disease and, there¬ 
fore, was of little economic value. 
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THE ROLE OP PLANT RESIDUES IN THE ETIOLOGY 
OP ROOT ROT^ 


Vincent W. Cocheane2 
(Accepted for publication October 10, 1947) 

The incorporation of plant residues into the soil is known to affect, if 
not indeed to determine, the occurrence and severity of certain root rot 
diseases of plants. The types of organic matter present influence, in a man¬ 
ner not yet understood, the root rot of corn (17), the brown root rot of 
tobacco (1, 6), and the black root rot of strawberry (9). 

The present investigation is based on the hypothesis that some root rots 
are initiated by the direct toxic action of plant residues; the hypothesis 
implies that the activities of soil organisms are secondary and are incident 
upon an initial injury which is of chemical origin. 

Root rot, even so considered, remains a disease, not a symptom. Disease 
may be defined as an active, dynamic response by the plant to a set of abnor¬ 
mal environmental conditions; a nematode or microbial pathogen may or 
may not be a feature of this environment. A symptom is defined in static, 
rather than dynamic, terms; it is a visible, or at least measurable, abnormal 
state of the plant resulting from its prior response to the abnormal environ¬ 
ment. 

The germ theory of disease has without question led to results of the 
greatest theoretical and practical importance. Among the root rots there 
are indubitable cases of a one-to-one correspondence of disease and microbial 
pathogen, as in the take-all disease of wheat and the Phymatotrichum root 
rot of cotton. However, the root rots of strawberry and of pea are just as 
clearly not associated with the action of one or even a few microorganisms ; 
the number of fungi described in the literature as causally related to these 
diseases is so large as to throw doubt on the whole method of approach. 

Because of the common association of the word ‘‘rot’’ with the action 
of microorganisms, it might seem preferable to use a more neutral term in 
discussing root injury of chemical origin. It seems, however, that the same 
considerations apply here as in the ease of the concept of disease. Most 
rots are caused by organisms, but exceptions occur, as in the case of autol¬ 
ysis after freezing. In the same way, the hypothesis of a chemical origin 
of certain root rots does not require a new term, only a realization that rots 
are not required by the very definition of the word to be caused by micro¬ 
organisms. 

The effect of plant residues on root rot may be, obviously, either to de¬ 
crease or to increase disease incidence. With the former case we are not 
at present concerned, except to note that organic matter is known to decrease 

1 Approved for publication by the Director of the Connecticut Agricultural Experi¬ 
ment Station. 

2 Present address: Department of Biology, Wesleyan University, Middletown, Con¬ 
necticut; 
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the severity of Phymatotrichum root rot (12) and the take-all disease of 
wheat (7). In the latter case—increase in disease—there are at least four 
possible theories of the mode of action: (1) direct stimulation of the f^rowth 
or activity of a pathogen; (2) changes in the microbial balance of the soil 
or the rhizosphere; (3) depletion or unavailability of soil nutrients during 
microbial decomposition of the added residue; and (4) the direct toxic 
action of the residue or its decomposition products. It is the last-named 
hypothesis that the experiments reported here are designed to test. 

The early work of the Bureau of Soils on ‘^soil toxins” (18) has been 
justly criticized (15) and is not of itself convincing. However, several 
recent reports (2, 3, 16) have demonstrated that certain constituents of nor¬ 
mal plants may be toxic to the same or other plants. 

Coliison (4) and Collison and Conn (5) demonstrated that extracts of 
wheat straw were toxic to young seedlings in water culture, causing stunt¬ 
ing and root discoloration. The experimental design eliminated nitrogen 
deficiency, acidity, and oxygen depletion from consideration as causes of 
the symptoms. The authors concluded that specific chemicals present in 
the straw were responsible for plant injury; composting of the straw re¬ 
sulted in their disappearance. 

Extracts of partially decomposed timothy have been reported by Doran 
(6) to cause injury to tobacco roots; Cries (8) found that extracts of de¬ 
composing red clover were toxic to strawberry roots. In both these cases 
the toxicity was believed to result from microbial action on the plant residue 
involved. Newton and Young (14) reported preliminary, data indicating 
that extracts of undecomposed alfalfa exert inhibitory effects on the growth 
of wheat in sand culture; Valleau ct aL (19) found that the addition of corn 
roots to sand cultures of tobacco caused a root rot; Matthews et al. (13) 
were able to induce browning of tomato roots by the incorporation into the 
soil of timothy roots. 

As a necessary preliminary to experimental test of the hypothesis that 
chemicals present in plant materials may cause root injury of the type 
under discussion, a bio-assay was devised which, it is believed, offers some 
promise as a tool in further research. Such an assay, it was realized, must 
be free of the complications introduced by microbial activity during th(! 
experiment and must in addition be independent of changes in available 
nutrients. If these two conditions are met, it is possible to eliminate from 
consideration the first three of the theories mentioned earlier, however appli¬ 
cable they may be in other cases. 

The present paper describes the bio-assay method and the results of its 
application to study of the toxicity of certain plant residues before, during, 
and after decomposition. 


MATERIALS AND METHODS 

Plant residues studied included soybean (variety Manchu), sweet corn 
(variety Golden Cross Bantam), ladino clover, and perennial ryegrass. 
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Plants were harvested (tops only) in late fall, air-dried, ground coarsely, 
and stored in covered stone crocks. 

Each plant residue was allowed to decomi)ose at two moisture levels. 
The ‘‘dry’’ series was decomposed at a moisture level equivalent to 50 per 
cent of saturation; this value ranged from 63.2 per cent for clover to 80.2 
per cent for corn. In this series the residues were incubated in crocks with 
loose covers. Moisture contents of all samples were determined weekly 
and adjusted when necessary to the original level. In the “wet” series 
dry plant material and tap water were added to Mason jars in the ratio 
1: 20; in this case the solids were completely submerged. 

Decomposition proceeded without the addition ot* soil as inoculum; pre¬ 
liminary experiments showed that the addition of one per cent soil had no 
significant effect on the number and types of microorganisms present two 
weeks later. The temperature of incubation was 24°-27° C., with the ex¬ 
ception of certain experiments carried out at 56° (1 Samples for determi¬ 
nation of pH, microbial populations, and toxicity were taken before the 
start of decomxiosition, 3 days later, at weekly intervals for six weeks, and 
at three-week intervals until the close of the experiment. 

Bacteria, actinomycetes, and spore-forming bacteria were counted on 
dilution plates of Bacto nutrient agar after incubation for ten days at 
24°-27° C. Yeasts and fungi were counted on acidified (pH 4.0) I^acto 
potato-dextrose agar after four days. The numbers of thermophilic bacteria 
and actinomycetes were determined by counting dilution plates of nutrient 
agar after two days at 56° C. The population of anaerobic bacteria was 
measurcMl by the extension dilution method in a reducing agar medium. 

The effects of plant residues on roots were assayed by a method devel¬ 
oped for the purpose. Radish seed (variety Early Scarlet Globe) was ger¬ 
minated on moist filter paper. After 72 hours seedlings with radicles 2-3 
cm. in length w^ere placed in shell vials containing the extracts to be tested. 
After eight hours at room temperature the seedlings were removed for 
grading. 

Radish seed offers several advantages for this assay. Germination is 
rapid; the abundance of root hairs makes for quick absorption of soluble 
materials; and the injury is of such a nature that accurate measure of it 
can be made rapidly. Of the other plants tested, both spinach and pea 
showed the same reaction to plant residues but were less easy to manipu¬ 
late ; onion seedling roots, on the other hand, failed to respond to plant tissue 
extracts. 

Extracts were prepared by soaking the plant tissue to be tested in boiled 
and cooled tap water for 20 minutes; the solids were then filtered off. Two 
concentrations were prepared in every case: one gram (dry basis) per 20 
ml. of water, and one gram per 40 ml. In all experiments the control con¬ 
sisted of roots of the respective plants soaked eight hours in boiled tap water. 

The basis of the assay was the browning of the radish root caused by 
certain, plant tissue extracts. For each of 20 roots an estimate was made 
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of the fraction of the root length which had been discolored by the extract. 
According to the grading system devised by Horsfall and Barratt (10), this 
proportion was expressed as a grade; the mean grade for each lot of 20 
roots was then converted to percentage browning’^ by reference to a pre¬ 
pared calibration curve. 

Only brown discoloration was considered; the color ranged from light 
to dark brown. The intensity of color usually decreased as the fractional 
root length discolored became smaller, but no effort was made to separate 
treatments on the basis of color intensity. All plant extracts, whether caus¬ 
ing browning or not, induced a water-soaking of the root tissue. 

RESULTS 

Microbiological Poptdotion Changes 

Counts of the common soil microorganisms were made at each sampling 
period. Results conformed in general with those of other workers (20) 
and need not be presented in detail. As will be brought out in the next 
section, toxicity of residues decreased with time, and this is believed to be 
associated with decomposition; but further correlation of injury with 
microbial populations was not evident. This is particularly striking in view 
of the very different floras occurring at the two different moisture levels 
and at the different times of sampling. In the ‘‘dry^^ series (50 per cent 
saturation), ammonification and the resultant high pH encouraged the 
development of bacteria and actinomycetes. In plant material submerged 
in water the growth of acid-forming bacteria was followed by profuse devel¬ 
opment of fungi; utilization of acid by the fungi resulted in a slow rise 
in pH and a gradual replacement of fungi by bacteria. The nature of the 
plant residue naturally affected the composition of the microflora, but again 
there was no apparent relation to root rot. 

Apart from this negative finding, there is one point which is of interest 
with regard to the microbial flora of decomposing i)lant residues. West and 
Hildebrand (22) characterize the breakdown of soybean tissue as “fermen¬ 
tative’^ and that of red clover as “putrefactive,’^ with, in the former case, 
a low pH and low bacterial population relative to the latter. These differ¬ 
ences in type of breakdown were believed to have some relation to the 
amount of strawberry root rot in soils to which these residues were added. 

The microbiological results in the present study do not bear out this 
contention; the pH was found to be more dependent on the moisture level 
than on the type of plant material. Small differences in pH did occur as 
a reflection of nitrogen content in cultures where ammonification was pos¬ 
sible. 

An experiment modelled after that of West and Hildebrand was de¬ 
signed further to explore the microbial factors involved in the decomposi¬ 
tion of clover and soybean. Fresh soybean and red clover tissue, from 
plants grown 6 weeks in the greenhouse, was finely chopped and 2.5 gm. of 
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each (approximate 0.5 gm. dry matter) were placed in 50 ml. of tap water 
in a prescription bottle; soil (0.5 gm.) was added to each culture. After 
14 days at 28°-30° C., pH and bacterial numbers were determined. The 
data, summarized in table 1, do not support the generalization that soybean 
tissue undergoes an ‘‘acid’’ or “fermentative’’ breakdown with low bac¬ 
terial numbers. Under the conditions of this experiment soybean tissue 
after 14 days of decomposition was slightly more alkaline and supported a 
slightly larger bacterial population than red clover tissue. 

Other experiments showed that the acid type of breakdown may be in¬ 
duced with either plant material if larger amounts of the dried residues 
(1.0-2.5 gm. per 50 ml.) are added to water in the same way. In all likeli¬ 
hood, the beneficial effect of soybean on strawberry root rot is to be ex- 

TABLE 1.— General characteristics of the decomposition of soybean and red clover 
tismw after 14 days at C. 


Plant® 


pH 


Initial Final 


Bacteria per ml.b 
(Total No. X lO'O) 


Soybean . 6.61 7.60 r)96.7 

Red clover. 6.68 7.25 80.7 


« 2.5 gm. fresh tissue plus 0.5 gm. soil in 50 ml. tap water. 

b Determined by dilution plating on Bacto nutrient agar. 

plained in some other manner than the mechanism postulated by West and 
Hildebrand. 

Toxicity of Plant Residues 

Cold-water extracts of plant residues were tested for possible injurious 
effect on radish roots as described above. Data for several of the residues 
appear in figures 1 and 2. 

Extracts bf undecomposed ladino clover proved to be toxic, as shown 
by the high response at zero time (Pig. 1). Clover tissue allowed to decom¬ 
pose at 50 per cent of its moisture-holding capacity became slightly more 
toxic to roots during the early stages of decomposition; it is not certain 
whether fluctuations over short periods are significant, but the general trend 
of toxicity was upward for 5 weeks. From this time on, toxicity decreased 
rapidly, reaching a very low level at 9-12 weeks. 

Extracts of clover decomposed at the high moisture level lost their toxic¬ 
ity to roots more rapidly than extracts from the drier series; the same fluc¬ 
tuations in toxicity early in the decomposition period were noted. 

While, as pointed out previously, the pH data show that the two moisture 
levels governed two very different types of decomposition, in both cases 
the overall picture is one of destruction of the high initial toxicity, modified 
by microbial effects acting over short periods of time. 

The other legume under test, soybean, had, in contrast to the clover, no 
detectable initial toxicity to radish roots. There was apparent in the early 
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stages of decomposition at both moisture levels a very slight toxicity pre¬ 
sumably resulting from microbial activity. The maximum injury from a 
1:20 extract did not, however, exceed 3 per cent, and the toxicity disap- 



0 2 4 6 8 10 12 14 16 18 

TIME, WEEKS 


Fig. 1. Percentage browning of radish seedling roots in extracts of (1) clover 
tissue decomposing at 50 per cent saturation (top) ; (2) clover tissue decomposing under 
water (middle); (3) corn tissue decomposing under water (bottom). 

peared in 4 weeks in one case (“dry” series), in 2 weeks in the other (“wet” 
series). > 
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Extracts of iindecomposed corn stover were not at all injurious to 
radish roots. Similarly, extracts from corn decomposed at 50 per cent of 
saturation were not toxic at any time over the 84-day period of observation. 

In the corn stover decomposed under water, there was, as shown in 
figure 1, a period (28-42 days) during which extracts caused very notice¬ 
able injury to root tissue. This followed a })eriod of minimal pll and 
the acidity may have been instrumental, directly or indirectly, in causing 



TIME, WEEKS 

Fig. 2. Percentage browning of radish roots in extracts of ryegrass tissue decom¬ 
posing at 50 per cent saturation (top), and in extracts of ryegrass tissue decomposing 
under water (bottom). 

the injury. The effect is ascribed to microbial action, whether or not the 
acidity was a factor; at this stage in the decomposition fungi formed the 
predominant element in the microbial flora, and a steep decline in the 
number of fungi was coincident with the disappearance of injurious effects. 
It should be pointed out that the symptoms of injury to radish roots were 
not precisely similar to those caused by extracts of clover or r^^egrass; the 
color of the affected tissue was more grayish, and there was a trans- 
lucence not previously noted. 
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Extracts from imdecomposed ryegrass were very injurious to radish 
roots, 80 per cent of the root length being damaged. As shown in figure 2, 
decomposition at both moisture levels resulted in progressive loss of toxicity, 
more rapid in the '' wet ’ * cultures than in the ‘ ‘ dry. ’ ’ In the former case 
there was at 14 days a slight increase in injury from the 1:20 extract; 
since this increase did not 0 (HUir with the 1:40 extract, it was probably of 
no significance. The course of pH change was similar to that in other plant 
materials and could not be correlated with changes in the toxicity of 
extracts. 

The hypothesis that the disappearance of toxicity of clover and rye¬ 
grass residues is the result of microbial decomposition suggests that the 
process may be accelerated at high temperatures. Such conditions would 

TABLE 2.— The effect of decomposition at 56° C. on the toxicity of plant materials 
to radish roots 


Percentage browning 


Plant 

material* 

Time, 

days 

-rr Number of bacteria^ 

(Total No. X 10-6) 

of radish roots 

1: 20 1: 40 

Extract^ Extract^ 

Corn 

0 

(i.52 

< 0.001 

0.0 

0.0 


8 

7.81 

14.3 

0.0 

0.0 


7 

8.00 

2430.0 

0.0 

0.0 


14 

7.68 

4320.0 

0.0 

0.0 


21 

8.39 

2700.0 

0.0 

0.0 

(Control) d 

21 

6.74 


0.0 

0.0 

Ryegrass 

0 

5.78 

0.001 

71.Q 

22.5 


8 

7.06 

48.0 

49.0 

13.5 


7 

7.49 

894.0 

6.3 

0.0 


14 

6.97 

1170.0 

3.1 

0.0 


21 

7.45 

787.0 

0.0 

0.0 

(Control) 

21 

5.63 


61.5 

20.4 


a Decomposed at a moisture content of 50 per cent of saturation, 
b Determined by dilution plating on Bacto nutrient agar. 
cDry basis. 

d Held at 56^ C. for 21 days without addition of water. 

approximate those of a compost pile during the period of active microbial 
thermogeiiesis. It is a commonplace of agronomic practice that composted 
organic matter is of greater benefit to crops than the same material before 
decomposition. Several factors probably contribute to the beneficial effect 
of composting, notably the preliminary breakdown of complex carbon com¬ 
pounds whose decomposition in the soil would result in a locking up of 
nitrogen. It seemed of interest, however, to determine the effect of com¬ 
post-pile temperatures on the breakdown of the toxic factors under con¬ 
sideration in the present work. 

The effect of decomposition at high temperature (56® C.) is shown in 
table 2. Samples of corn stover and of ryegrass were adjusted to a moisture 
level equivalent to 50 per cent of their water-holding capacity and incu¬ 
bated at 56® C. The moisture content was kept constant by daily deter- 
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minatioiis of dry matter and addition of the required amount of water. At 
the high temperature dry matter losses were considerable, e.g.y about 40 
per cent of the dry matter of ryegrass was lost in 14 days. 

The toxicity of ryegrass to roots dropped very quickly as the result of 
liigh-temperature decomposition; at 21 days no injury could be noted with 
a 1: 20 extract. At room temperature (Fig. 2), toxicity was still detectable 
after 84 days of decomposition. 

The controls for the experiment on thermophilic decomposition were dry 
ground samples of the plant material incubated at 56° C. for 21 days. 
These controls were not, obviously, entirely satisfactory; conceivably the 
injurious material in ryegrass may be more sensitive to high temperature in 
the presence of water than in its absence. The similarity to decomposition 

TABLE 3.— The influence of the age of the plant on the toxicity of its water extract 
to radish seedling roots 


ground tissue. 


Plant 

Date of 
collection 

Ago, 

days* 

Percentage 
browning of 
radish roots*^ 

Ladiuo clover 

June 30 


49.5 


July 35 


56.0 


July 31 


25.0 


Aug. 15 


49.5 


Aug. 31 


73.2 

Soybean 

J line 1 

40 

0.0 


June 15 

55 

0.0 


June 30 

70 

0.0 


July 15 

85 

0.0 


July 31 

101 

0.0 

Corn 

June 15 

36 

0.0 


July 15 

66 

0.0 


Aug. 15 

07 

0.0 

a The ladiiu) clover 

was planted the previous year. 



b Badish seedlings immersed 8 hours in a 1: 20 extract (dry basis) 

of the dried ai 


at room temperature is close, however, and it may be postulated that during 
the high-temperature decomposition the factor in ryegrass responsible for 
root injury is destroyed by microbial action. 

In summary, extracts of ryegrass and of ladino clover were injurious 
to radish seedling roots* similar extracts of corn stover and of soybean 
tissue were not injurious. Decomposition resulted in a progressive decline 
in the toxicity of clover and ryegrass extracts; this decline was interrupted 
at times by secondary increases in toxicity caused apparently by microbial 
action, and was more rapid at 56° C. than at room temperature. 

It will be noted that the two residues yielding toxic extracts were col¬ 
lected as green plants, the corn and soybean as dead plants. Waksman (21) 
found that young plants are higher in water-soluble constituents than are 
mature plants. The possibility exists therefore that the differences observed 
between plant materials are attributable to their age rather than to specific 
characters, since the test for toxicity depended on a water extraction. 
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The experiment reported in table 3 was designed to ascertain the in¬ 
fluence of age of plant on the toxicity of water extracts to radish roots. 
The data show that neither young soybean nor young corn plants yield 
toxic water extracts. The toxicity of extracts from clover plants of dif¬ 
ferent ages was variable but did not show any consistent effect of age of 
plant. 

DISCUSSION 

The laboratory assay used in the determination of toxicity of plant 
residue has obvious limitations. There are, however, two types of correla¬ 
tion with field experience which encourage belief in the validity of the assay. 

First, the type of injury to radish seedling roots was very similar to that 
known in field root rots of other plants: watersoaking, browning, and death 
of tissues from the tip downward. 

Second, and more important, there is a correlation witli field exi)erience 
in that soybean residues, known to reduce strawberry root rot (9) and corn 
root rot (17), were not injurious to radish. Conversely, clover residues, 
which generally increase root rot in soil (11, 17) proved to cause severe 
damage to radish root cells. The failure of corn residues to have a toxic 
effect may be a result of the fact that only stalks were used. Valleaii et aL 
(19) found that previous corn crops increase tobacco root rot, and that 
dead corn roots are toxic to tobacco in sand culture. 

The effect of extracts of plant residues on radish roots cannot be ascribed 
to nutrient deficiencies, to invasion of the roots by specific pathogens, or in 
all* likelihood to microbial activity in the extract itself. The time period 
of 8 hours was too short to permit any of these factors to'be operative. The 
injury therefore has the aspect of direct toxicity of a chemical or chemicals 
present in the cold-water extract of certain plant tissues. 

It is important to note that the most injurious plant materials, clover 
and ryegrass, were so from the beginning. Microbial activity may have 
caused short-term increases in toxicity, but over the long run the decomposi¬ 
tion of these materials resulted in concomitant destruction of tlie toxic fac¬ 
tor. Decomposition by thermophilic organisms at 56° C. accelerated the 
destruction. 

Undecomposed plant materials have occasionally been reported to cause 
injury to seedlings. Extracts of dried wheat straw and alfalfa hay were 
found to cause stunting of pea, corn, and barley seedlings (5); similar 
results have been obtained with alfalfa by other workers (14). These re¬ 
ports, together with the data here presented, suggest that, in studies of the 
effect of decomposing crop residues on plant growth, adequate controls must 
be included so that the effect of the plant material itself will not be inter¬ 
preted as an effect of decomposition products. 

A further artificial feature of the experiments here reported is the use 
of plant residues as such, when it is known that the concentration of such 
residues in soil is normally less than 10 per cent. To this objection it may 
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be argued that the extracts actually tested were dilute, and that in the soil 
local accumulations of uiidecomposed organic matter may occur in the 
vicinity of growing roots and serve to initiate root rot. 


SUMMARY 

Direct injury to root tissue by plant extracts can be assayed by exposing 
the radicles of 72-hour-old radish seedlings to the action of cold-water 
extracts of the ground plant tissue. 

Extracts made from undecomposed ladino clover and from ryegrass 
caused browning of radish roots in 8 hours. Decomposition of these resi¬ 
dues at two moisiure levels resulted in a progressive disappearance of the 
factor causing tlie injury, although microbial action brought about tem¬ 
porary increases in toxicity. Decomposition of clover tissue at 56° C. 
accelerated the destruction of the toxic factor, presumably as a result ot* 
the activity of thermophilic bacteria. Apart from this case, studies of 
microbial populations in the decomposing residues failed to establish any 
significant association of particular groups of microorganisms with the 
appearance or disappearance of root injury. 

Extracts from uiidecomi)osed corn stover did not cause root browning; 
microbial action under anaerobic conditions caused a transitory appearance 
of injurious activity. 

Extracts of soybean tissue did not cause dis(‘oloration of radish roots, 
whether tested before, during, or after decomposition. 

Department op Plant Pathology and Botany, 

Connecticut Agricultural Experiment Station, 

New Haven, Connecticut. 
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EFFECT OF SEED TREATMENT ON THE GERMINATION 
OF SOYBEANS 


Helen S. Sherwin, C. L. Lefebvre, and R, W. IjEukeli 
(A ccepted for publication October 27, 1947) 

The practice of treating? soybean seed with fungicides to improve emer¬ 
gence, stand and yield is comparatively recent, and the results obtained 
from treated seed planted at different locations vary considerably. In 
general, however, seed treatments frequently have increased stand but rarely 
have increased yield. 

Ill a recent paper, Hildebrand and Koch'-^ reviewed the literature on the 
subject so well that a review need not be repeated here. They reported that 
with poor quality seed, treatment with Spergon increased emergence and 
yield. Under the conditions of their experiments, Spergon was consistently 
more effective than Arasan and Fermate in reducing disease or abnormality 
in early-season stands.^ 

As environmental factors influence results obtained in field experiments, 
it seemed worthwhile to conduct seed treatment tests in constant temperature 
rooms where certain environmental conditions or other variables could be 
controlled, and to compare results from these tests with results from certain 
plantings made in the field. 

The experiments were conducted in two series, Series I with twelve seed 
lots of various varieties from different places in the Southern States and 
Illinois, and Series II with a single seed lot. Wood’s Extra Early Yellow, 
from Virginia. In both of these series, portions of each seed lot were left 
untreated or were treated separately with Arasan (tetramethyl thiuram di¬ 
sulphide) or Spergon (tetrachloro parabenzoquinone) at the rate of two 
ounces per bushel, or with New Improved Ceresan (ethyl mercury phos¬ 
phate) at the rate of one-half ounce per bushel. The seed in Series I was 
treated March 10, 1945, and two to three weeks later portions of each lot, 
treated and untreated, (designated Series I-A) were planted in constant 
temperature rooms held at 15®, 20®, 25®, and 30® C., respectively. Other 
portions of five of these twelve seed lots, treated and untreated, (designated 
Series I-B) were stored at room temperature in loosely covered glass jars 
and similarly planted in 1946, one year after treatment. In addition, after 
15 months’ storage, five similarly treated and untreated seed lots (designated 
Series I-C) were planted May 24, 1946 in the field at Beltsville, Maryland, 
100 seeds per row, in 8-foot rows, replicated four times. 

1 Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural 
Research Administration, U. S. Department of Agriculture, Beltsville, Maryland. The 
authors wish to express their appreciation to Dr. A. G. Johnson for critical reading of 
the manuscript. 

2 Hildebrand, A. A., and L. W. Koch. Soybean diseases in Ontario and effectiveness 
of seed treatment. Phytopath. 37: 111-124. 1947, 

3 Hildebrand, A. A., and L. W. Koch. Seed treatment and other tests with soybeans 
in Ontario. (Abstr.) Phytopath. 36: 401. 1946. 
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The seed used in Series TI was received in the spring of 1946. It had 
been grown in 1945 near Tidewater, Virginia and stored in an elevator. 
Seed of this lot was of poor quality and had been submitted to the writers 
because of the high percentage of discolored seeds. 

The seed of Series II was separated into three classes according to the 
degree of discoloration: (1) beans with at least half of the area of the seed 
coat of each discolored; (2) those with less than half of the seed coat 
discolored; and, (3) those without discoloration. In classes (1) and (2), 
Cercosporina kikuchii Mats, and Tomo. was readily isolated from the beans 
with purple blotches, and oospores of Peronospora manshitrica (Naoiim.) 
Syd. formed conspicuous whitish crusts on many others. Portions of each 
of the three classes were left untreated or were treated and handled 
in the same manner as those in Series I, except that in Series II-A only one 
planting was made in the constant temperature rooms, and in Series II-B 

TABLE 1.— Influence of seed treatments at specific temperatures. The results xoith 
all seed lots were combined 


Average number of seedlings emerged from 50 seeds in 


TrcMtimmt 

Series I 

-A at“ 



Series I-B at*J 



15° C. 20° C. 

25° C. 

30° C. 

15° C. 

o 

O 

2.5° C. 

30° C. 

Arasan . 

. 34.05** 37.00** 

37.65** 

36.87 

6.87 

19.87* 

29.80** 

28.40** 

Spergon . 

. 30.54** 34.46** 

36.26** 

35.73 

6.60 

17.60 

2.5.80** 

27.47** 

New Improved Ceresan 32.05** 36.94** 

38.28** 

36.92 

13.9.3** 

26.33** 

31.60** 

29.93** 

No treatment. 

23.78 27.32 

30.23 

35.08 

5.07 

15.60 

17.40 

13.93 


* Significant at the 5 per cent level (1.98 required for I-A, 3.39 for 1~B). 

** Significant at the 1 per cent level (2.61 required for I-A, 4.48 for I-B). 

“Planted 2 days to 3 weeks after treatment (12 seed lots). 

Planted 1 year after treatment (5 seed lots). 

only 50 seeds were planted in the field in each 8-foot row, and there were 
only three replications. 

In both Series I and Series El, the seed was planted in the constant 
temperature rooms in soil adjusted to 55 per cent of its water-holding 
capacity, and contained in small metal boxes as described by Leukel.** Fifty 
beans were planted 1 ^ inches deep in each metal box. 

In both series, all emergence counts were made when about half of the 
seedlings were beginning to unfold their first trifoliolate leaves. 

RESULTS 

The results obtained in Series I are given in tables 1, 2, and 3. 

When the counts from the twelve seed lots used in Series I-A were com¬ 
bined, (Table 1) significant increases in stand, as compared with the un¬ 
treated lots, were found from the three fungicides at 15°, 20° and 25° C., but 
not at 30° C. By combining the results at the four temperatures (Tables 2) 

4 Leiikel, R. W. Chemical seed treatments for the control of certain diseases of 
sorghuni. U. S. Dept. Agr. Tech. Bui. 849. 1943. 
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sigiiificaut increases in stand were indicated from the three fungicides for 
most of the varieties. Exceptions were Chief (A) and Viking for Arasaii; 
Patoka, Chief (C), and S 55-10 for Spergon; and Viking for New Improved 
Ceresan. 

Jt appears from table 3 that seed treatment was more effective in increas¬ 
ing emergence from seed produced in the South than from that produced in 
Illinois. This contrast is particularly striking when the results from the 
variety Gibson and Nos. 42-91 and 42-53, all grown in the South, are com¬ 
pared with those from Chief (A), Patoka, and Viking, grown in Illinois. 
This is further substantiated by the fact that the seed of Chief (B), pro¬ 
duced in Mississippi, were much lower in germination than were seed of 

TABIjE 2.— Efficac}! of treatments on different seed tots. Besnlfs at the four 
temperatures were eomhined 


Avenigc number of seedlings from 50 seeds planted 


Series I-A Rories I-T5 

4 days after treatment with one year after treatment with 

Variety or seed___ ______ ___ ___ _ __ 

lot New No New No 

Arasan Spergon Improved treat- Arasan Spergon Improved treat- 





Ceresan 

ment 



Ceresan 

ment 

Chief (A) . 

.. 37.85 

38.65* 

38.95* 

35.08 

_ 

_ 

_ 

_ 

Patoka 

.... 40.45*'' 

38.33 

40.40* 

35.90 

— 

— 

— 

— 

Viking .... 

. . 36.50 

37.92* 

36.35 

33.83 

— 

— 

— 

— 

Lincoln .... 

.. 47.50** 

46.93** 

48.28** 

41.33 

38.17** 

34.34** 

44.00** 

27.67 

Chief (B) . . 

. 36.50* 

37..58** 

36.65* 

32.83 

— 

— 

— 

— 

Creole .... 

. 46.50** 

41.75** 

46.40** 

36.50 

23.27** 

24.08** 

38.75** 

13.00 

Chief (C) .. . 

.. 19.43** 

14.75 

21.43** 

13.65 

10.75 

12.67* 

9.67 

8.50 

S-lOO . ., . 

39.30** 

37.00** 

39.75** 

31.25 

14.08** 

10.67** 

18.17** 

5.49 

S 55-10 

25.10** 

18.58 

26.15** 

15.68 





Gibson . 

... 31.33** 

24.83** 

24.23** 

15.68 

_ 

_ 

— 

— 

42-91 . 

. .36.25** 

35.43** 

35.()8** 

28.25 

17.67** 

15.33** 

16.67** 

10.09 

42-5.3 

... 40.00** 

39.23** 

38.90** 

29.25 

— 

— 

— 

— 


* Significant at the 5 per cent level (3.44 required for I-A, 3.79 for I-B), 

** Significant at the 1 per cent level (4.52 required for I-A, 5.01 for I-B). 

Chief (A) and (C), produced in Illinois, and that the greatest benefit from 
the seed treatment was obtained with the Mississippi-grown seed. It may 
be added that seed in the lot from Mississippi were more discolored and 
had less lustre than those in the lots from Illinois. 

Emergence from seed of Mississippi-grown 8 55-10 was significantly 
improved by treatment with Arasan at all four temperatures and with New 
Improved Ceresan at 20° and 25° C., but was not significantly improved by 
treatment with Spergon at any temperature. The differences at 25° C. are 
illustrated in figure 1. Apparently when seed germinate poorly or are 
heavily contaminated, Spergon is not so effective in improving emergence as 
are Arasan or New Improved Ceresan. This is apparent in seed lots of 
Creole and Chief (B), as well as in S 55-10. 

Prom an analysis of variance, it was found that there was a significant 
difference in the reaction of the twelve seed lots (varieties) to temperature 
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and treatment, and that the interactions of variety x temperature, variety 
X treatment and temperature x treatment all had a sij?nificant F value. 

The seed in Series I-A, which was planted soon after being treated, 
germinated better than that in Series I-B, which was planted a year after 
it was treated. The lower germination of the latter was especially pro¬ 
nounced for S 100 and 42-91 at 15® and 20° C. It is evident, however, as 
shown in table 3, that much better emergence was obtained from the treated 
stored seed than from the untreated stored seed, except for Chief (C) whose 
emergence was so poor that the counts were too small to show significant 
differences. On the whole, emergence from the treated seed exceeded that 
from the untreated, more in Series 1-B than in Series I-A. 



Fio. 1. Soybean seedlings of selection 8 55-10 grown at 25° C. from 50 seeds 
treated with: A, Arasan; R, Spergon; C, New Improved Ceresan; and D, no treatment 
(control). 

When the seedling counts from Series I-B (Table 1) were combined 
and subjected to the analysis of variance, significant improvement in 
emergence from each of the three treatments was evident at 25° and 30° C. 
At 20° C., significant increases in stand were obtained from treatments with 
Arasan and New Improved Ceresan, and at 15° C. from New Improved 
Ceresan only. New Improved Ceresan was the only fungicide to produce sig¬ 
nificant increases in emergence over the check at all temperatures. At 30° C., 
all fungicides increased stands significantly, which was not the case in 
Series I-A. 

In, Series I-B, there was a significant difference in the germination of 
varieties at different temperatures and treatments, and all of the interactions 
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TABJjE 4.— Effect of seed discoloration, soil temperature, and seed treatment on 
emergence in Wood^8 Extra Early Yellow soybean (Series II-A) 




Average number of seedlings 

(fiass 

Seed 

emerged from 50 seeds at 

treatment 

- — - 

-- 

- — 



20° C. 

25° C. 

30° C. 

1. At least half 

Arasau 

10.33* 

19.00** 

20.00** 

discolored 

Spergon 

12.00 

11.00 

9.00 


N. I. Ceresan 

13.00 

14.00 

4.67 


No treatment 

9.67 

7.33 

2.33 

2. Less than half 

Arasan 

28.33** 

28.33** 

31.00** 

discolored 

Spergon 

18.67 

22.67** 

17.33** 


N. 1. Ceresan 

18.00 

15.67* 

5.67 


No treatment 

12.33 

7.33 

.67 

3. No discoloration 

Arasan 

25.67** 

29.33** 

22.00** 


Spergon 

18.33 

21.67** 

11.33** 


N. I. Ceresan 

21.33 

22.67** 

8.67** 


No treatment 

14.33 

4.00 

1.00 


* Significant iit 5 per cent level (7.64 required). 
** Significant at 1 per cent level (30.17 required). 


had a signihoaiit F valiu*. When the seedling counts from all temperatures 
were combined and analyzed for variance, those from the treated seed 
showed significant increases over the checks for most varieties and treat¬ 
ments. The only exception was Chief (C) for which Acasan and New 
Improved Ceresan did not improve stand significantly. 

In Series 1-C, planted in the field (Table «‘l), seedling emergence was 
significantly improved by all three fungicides in all five seed lots except 
Lincoln. The diffei*ence between the average counts of seedlings from 
treated and untreated seed of the other four lots was significant at the one 
per cent level, except in seed lot 42-58, treated with New Improved Ceresan, 
in which the difference was significant only at the 5 per cent level. 

In Series 11, in which AVood's Extra Early Yellow had been separated 
into three classes, it was expected that the more discolored the seed lot the 
lower the germination would be, and the greater the improvement from seed 
treatment. The data on emergence in Series II-A (Table 4) show that in 
general the more discolored the seed lot the lower the emergence but, con- 

TABLE 5.— Analysis of variance applied to data on emergence in IVood^s Extra 
Early Yellow soybean combining the results from the 3 temperatures (Series II—A) 


Average number of seedlings emerged 
from 50 seeds treated with 


Class 

Arasan 

Spergon 

New 

Tnqn'oved 

Ceresan 

No 

treatment 

1. At least half 

discolored . 

19.44** 

10.67 

7.22 

6.44 

2. Less than half 

discolored . 

29.22** 

19.56** 

13.11** 

6.78 

3. No discoloration 

25.67** 

17.11** 

17.56** 

6.44 


* Significant at 5 per cent level (4.41 required). 
** Significant at 1 per cent level (5.87 required). 
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trary to expectation, the less the improvement from seed treatment. In 
Class 1 (Table 5) in which the poorest stand was produced, Arasan was 
the only treatment that significantly improved emergence, and it was also the 
most effective treatment for the other classes. More improvement from 
treatment was obtained at 25° C. and 30° C. than at 20° C. (Table 6). 

There was a significant difference in the germination of varieties at 
different temperatures, and the interactions of varieties x treatments and 
temperatures x treatments were significant. There was no significant dif¬ 
ference between replications and the interaction of variety x temperature 
did not have a significant F value. 

TABIjE 6.— "Effect of fungicidtit at S tenipcraliirrs on emergence in IVoofrs Extra 
Early Yellow soybeans combining the results of all seed lots In Series II-A 


Treatment 


Average niimbcr of seedlings emerged 
from 50 seeds at 



20° (\ 

25° C. 

50° (\ 

Arasan. 

24.44** 

25.55** 

24.53** 

Spergou .... . 


18.45** 

12.55** 

New Improved Ceresan. 

17.4.3* 

17.45** 

6.54* 

No treatment . 

12.11 

6.22 

1.35 


* Significant at 5 per cent level (4.41 required). 

** Significant at 1 per cent level (5.87 required). 

Ill Series II-B, planted in the field, there was no significant difference 
in emergence between the controls that were left untreated and the tre^ated 
seed lots, and there was no significant difference between treatments. 

SUMMARY 

Temperature had a marked effect on the response of several lots of 
soybeans to seed treatment. Increases in germination from seed treatment 
were obtained more often at 25° C. than at any other temperature. 

All three fungicides used usually improved emergence from the different 
seed lots, but Arasan improved it more frequently than either Spergon or 
New Improved Ceresan. 

Seed obtained from Georgia, Mississippi, North Carolina, Maryland, and 
Virginia appeared to be benefited more by seed treatment than did seed pro¬ 
duced in Illinois. 

Soybean seed treated and then stored for one year gave a relatively 
greater increase in emergence over the check than did the treated seed 
planted soon after treatment, but total emergence was less after storage. 

The moderately discolored and the non-discolorcd seed lots of Wood’s 
Extra Early Yellow soybeans showed greater response to seed treatment 
than did the badly discolored seed lot, when grown in the constant tempera¬ 
ture I’ooms. When grown in the field, however, there was no significant 
difference between the reactions of the three lots of seed. 

PiiAxt Industry Station, 

Beltsville, Maryland. 





THE RELATION OP SIX GROUPS OF FUNGI TO SEEDLING 
DISEASES OF SUGAR BEETS IN MONTANA^ 

M. M. Afanasiev 
(Accepted for publication October 28, 1947) 

INTRODUCTION 

Seedling diseases or root rots are of considerable importance in the grow¬ 
ing of sugar beets, especially in the heavy irrigated soils in Montana. 
Numerous investigations have been made on these diseases to determine their 
nature and control in Montana (1, 2, 5) and elsewhere (3). Pathogenic 
fungi have been isolated many times, and have been classified in the follow¬ 
ing genera: Phoma, Macrosporinm, Fusarium, Rhizoctonia, Aphanomyces, 
and Pythium. 

materials and methods 

For isolating Phoma, Macrosporium, Fnsarinm, and Bhizoctonia potato- 
dextrose agar (20 gm. agar, 20 gm. dextrose, and 200 gm. sliced potatoes per 
liter of water) was used. Diseased beet seedlings were thoroughly washed in 
tap water, the diseased portions of the roots were cut off and washed in several 
changes of sterilized water, and then small portions of the diseased roots w^ere 
imbedded in potato-dextrose agar in Petri dishes. Potato-dextrose agar is a 
very rich medium and permits luxuriant growth of saprojihytic and weakly 
pathogenic organisms, therefore many of them were isolated by this method. 

Cornmeal agar was used for isolating Phycomycetous fungi, suspected 
of being responsible for seedling diseases of beets. Diseased beet seedlings 
were thoroughly washed in tap w^ater and the diseased portions of the roots 
were cut off and placed in sterile Petri dishes filled with sterile water. The 
beet roots were kept in the Petri dishes for about 24 hours, during which 
period the sterile water was changed several times. The tissue culture 
isolations were made on cornmeal agar (15 gm. agar, 20 gm. cornmeal per 
liter of distilled water). 

As soon as the fungal growth appeared it was examined, and very often 
other kinds of fungi and bacteria occurred with Phycomycetous fungi. 
The separation of Phycomycetous fungi from other kinds of fungi was made 
by successive transfers of high dilutions of mixed cultures to cornmeal agar. 
To separate Phycomycetous fungi from bacteria the following technic was 
used: High dilutions of organisms were made on cornmeal agar and as soon 
as fungus colonies appeared, the plates were put in the refrigerator at 5° C. 
where the fungi continued to grow but bacterial growth was suppressed. 
Transfers from the edges of the colonies gave fungal growth free of con¬ 
taminating bacteria. Kauffman's beef-gelatin (4) was also used in separat¬ 
ing Phycomycetous fungi from bacteria and the other fungi. 

1 Contribution from Montana State College, Agricultural Experiment Station, 
Paper No.* 191, Journal Series. 
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One hundred and eight isolates of different fungi were accumulated, 
and 85 of these were tested for pathogenicity in the greenhouse. 

Soil for the pathogenicity studies w^as obtained from the Huntley 
Branch Station, Huntley, Montana, and was disinfected with chloropicrin. 
This soil can be considered typical of the majority of beet soils of Eastern 
Montana. Duplicate jars of soil were inoculated with each of the cultures 
of Phoma, Macrosporium, Fusarium, or Bhizoctonia grown on steamed rice. 
Two or more jars of soil were not inoculated and were used as checks for 
each group of organisms tested. Fifteen sugar-beet seedballs treated with 
New Improved Ceresan (1 oz. for 20 lb. seed) were planted in each jar of 
soil. 

In testing the i)athogenicity of reisolated cultures of these fungi, the 
soil was sterilized in the autoclave and the inoculum was grown in Petri 
dishes on potato-dextrose agar. 

The pathogenicity of the original and reisolated cultures of Aphanomyces 
and Pythium was tested in soil sterilized in an autoclave. Two clay j)ots of 
soil were inoculated with each of the isolates grown in Petri dishes on corn- 
meal agar. Two luiinocnlated pots of soil for each group of organisms were 
used as cheeks. Ten sugar-beet seedballs treated with New improved 
Ceresan were planted in each pot. 

The beets w^ere grown in all these tests for about one month, and healthy 
and diseased seedlings were recorded at regular intervals. At the end of 
this period the beet seedlings were dug, washed, and final readings were 
made. 

EXPERIMENTAL RESULTS 

In these tests thirteen cultures of Phoma, ten cultures of Macronporium, 
forty-seven cultures of Fusarium, five cultures of Bhizoctonia, eight cultures 
of Aphanomyces cochlioides, and two cidtures of Pythium were tested for 
pathogenicity (Table 1), 

The beets in the check pots used for plants inoculated with cultures of 
Phoma, Macrosporium, Aphanomyces cochlioides, and Pythium remained 
health}^ A few of the check plants became diseased in the Fusarium and 
Bhizoctonia series. This was probably due to accidental contamination or 
to the partial sterilization of the soil wdth chloropicrin. In all of the series 
where steam sterilization of the soil was used the checks remained healthy. 

Four reisolated cultures of Phoma, Macrosporium, and Fusarium, one 
of Bhizoctonia, eight of Aphanomyces cochlioides, and two of Pythium Avere 
tested for pathogenicity (Table 1). The beets grown in the checks for these 
tests remained healthy. 

The number of emerged plants in all inoculated and check pots for all 
isolated and reisolated fungi was about the same with the exception of those 
inoculated with Phoma, which indicated that there was very little pre¬ 
emergence killing of the plants. Beets grown in pots inoculated with Phoma 
had a much lower stand than in the checks, indicating that there probably 
Ava^ considerable pre-emergence killing. 
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At the time of harvest many diseased beet seedlings infected with any of 
these fungi showed a tendency to recover by sloughing off the infected 
cortical layer of the hypocotyl. 

Symptoms of Disease and Degree of Pathogenicity 
of the Fungi Used in These Tests 

Species of Phoma 

All cultures of Phoma were highly pathogenic to sugar-beet seedlings. 
The average number of diseased seedlings was 89.1 per cent, but this per¬ 
centage varied from 33.4 to 100.0 for individual cultures (Table 1). The 
degree of infection was variable, some beets were infected severely and others 
only slightly. A culture of Phoma betae (Oud) Fr. obtained from the 
American Type Culture Collection, was also tested for pathogenicity in a 

TAJILE 1 .—Pathogenicity test of six groups of fungi on sugar-heet seedlings 


Fungus 

Original 

isolates 

Roiso- 

lates 

Percentages^ of seedlings 
diseased 

Paibogcui- 

icity 

rating 

Min. 

Max. 

Av. 


Niimher 

N nnxber 





Phoma 

13 


33.4 

100.0 

89.1 

Medium 

Do 


4 

2.2 

71.3 

25.3 

Variable 

Macrosporimn 

10 


6.4 

40.9 

21.8 

Slight 

Do . 


4 

0.0 

6.6 

4.1 

Slight 

Fusarium .... 

47 


3.8 

95.5 

14.9 

Slight 

Do 


4 

tr. 

9.4 

4.0 

Slight 

Phisoctonia . 

5 

.... 

8.0 

28.5 

18.9 

Slight 

Do 





20.0 

Slight 

Aphanomyces 







cochlioides 

8 

.... 

95.0 

100.0 

99.4 

Severe 

Do. 



93.4 

100.0 

98.6 

Severe 

Vytliium 

2 


82.3 

87.3 

84.8 

Medium 

Do . ... ‘ 


*2 

5.3 

12.4 

8.8 

Slight 


a Minimum and maximum of diseased beet seedlings produced by any one of the 
cultures. Average of diseased beet seedlings produced by all cultures. 

comparison with isolations in Montana. This culture proved to be only 
slightly pathogenic to sugar-beet seedlings. 

The total stand of beet seedlings varied considerably for the different 
cultures tested. On young infected plants that were not killed before 
emergence the symptoms of disease usually appeared at time of emergence 
or soon afterwards. The leaves of severely infected seedlings wilted slightly 
and usually drooped to the ground. These were somewhat dark-green to 
bluish instead of the light-green of healthy seedlings. These infected plants 
usually had dark-brown discolorations of the hypocotyls and some of them 
were girdled. None of the emerged plants died before harvest. Besides 
this severe type of infection, numerous plants had slight infection of the 
underground parts of hypocotyls and roots which could not be detected 
before harvest. These infections were either brownish discolorations or 
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lesions. Except for a slight stunting, such seedlings externally appeared to 
be normal plants. 

Four reisolated cultures of Phoma were tested for pathogenicity (Table 
1). One was very slightly, two were slightly, and one was severely patho¬ 
genic to sugar-beet seedlings. The average number of diseased seedlings was 
25.3 per cent, but this percentage varied from 2.2 to 71.3 for individual 
cultures. The symptoms and the development of the disease were similar 
to those produced by the original cultures. 

In conclusion, all isolated and reisolated cultures of Phoma proved to 
be pathogenic to beets and the degree of pathogenicity varied for different 
cultures. 


Species of Macrosporium 

Only four cultures of Macrosporium iDroduced visible symptoms of 
disease before the seedlings were dug (Table 1). These diseased plants had 
yellowing and slight browning of their hypocotyls and some of them were 
girdled. At harvest time diseased seedlings were found in all sets and 
their average was 21.8 per cent, but this percentage varied from 6.4 to 40.9 
for individual cultures. All diseased roots had slight yellowish-brown dis¬ 
coloration and this was either uniformly present all over the roots or was 
confined only to certain localized areas. Those plants which had discoloration 
above the ground were slightly stunted in growth, the remaining phnits 
appeared to be normal. None of the infected plants died before harvest. 

Four reisolatcd cultures of Macrosporium were tested for pathogejiicity 
(Table 1). One culture was nonpathogenic and the remaining three only 
slightly pathogenic. The average number of diseased seedlings was 4.1 per 
cent, but this percentage varied from 0.0 to 6.6 for individual cultures. 
The symptoms and the development of the disease were similar to those 
produced by the original cultures. 

The degree of infection for all isolated and reisolated cultui*es of 
Macrosporium was slight and none of the infected beets died before harvest. 

In conclusion, all isolated and practically all reisolated cultures of Macro- 
sporimn proved to be only slightly pathogenic to beets, and the degi*ee of 
pathogenicity varied for the different cultures. 

Species of Fusarium 

All cultures of Fusarium were not tested for pathogenicity at once but in 
several separate tests and all were found to be pathogenic to sugar-beet 
seedlings. The average number of diseased seedlings was 14.9 per cent, but 
this percentage varied from 3.8 to 95.5 for individual cultures (Table 1). 
Diseased seedlings usually showed only light-brown discoloration of their 
roots. With a few cultures, however, the roots had dark-brown to black 
discoloration. Also, a few cultures developed a light-brown or black dis¬ 
coloration at the place of seed attachment. One of the cultures produced a 
dark-brown discoloration of the hypocotyl. Although the infection in 
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general was slight, in a few jars several infected beets died at the beginning 
of the experiment. 

All four reisolated cultures of Fusarium which were tested for patho¬ 
genicity (Table 1) were slightly pathogenic to sugar-beet seedlings. The 
average number of diseased seedlings was 4.0 per cent, but this percentage 
varied from a trace to 9.4 for individual cultures. The symptoms and the 
development of the disease were similar to those produced by the original 
cultures. None of the infected plants died before harvest. In general, the 
isolated and reisolated cultures of Fusarmm proved to be slightly pathogenic 
to beet seedlings, although the percentage of infection was high for some of 
the cultures. 

Species of Rhizoctonia 

All cultures of Rhizoctonia were pathogenic to sugar-beet seedlings. The 
average number of diseased seedlings was 18.9 per cent, but this percentage 
varied from 8.0 to 28.5 for individual cultures (Table 1). All infected 
plants had a light brown discoloration of the lower parts of their roots. 
The infection was slight and not a single infected beet died before harvest. 

One reisolated culture of Rhizoctonia was tested for pathogenicity 
(Table 1). Twenty per cent of seedlings were diseased and they had dark 
lesions on all parts of the roots. Some of the roots were girdled and the 
lower part of the root was lost. Many of the seedlings had remnants of 
dark infected regions of the hypocotyls immediately below the crown and 
traces of infection on their roots. Many of this kind of beet were classified 
as healthy. The degree of infection was slight to medium and several 
infected beets died before harvest. The symptoms of disease as they are 
described for reisolated cultures are usually associated with Rhizoctonia 
infection of beet seedlings in field. 

Ill conclusion, all isolated and reisolated cultures of Rhizoctonia proved 
to be pathogenic to sugar-beet seedlings. The degree of pathogenicity 
varied with different cultures. 

Aphanomyces cochlioides Drechs. 

Practically all beets inoculated with eight cultures of Aphanomyces 
cochlioides became diseased, the average number of diseased seedlings being 
99.4 per cent, but this percentage varied from 95.0 to 100.0 for individual 
cultures (Table 1). The type of disease produced on sugar-beet seedlings was 
rather uniform and resembled very closely the ‘‘black-root'' type of seed¬ 
ling disease occurring in the field. Hypocotyls of practically all diseased 
seedlings were completely discolored, dark-brown to black, and only a few 
diseased plants still had remains of healthy hypocotyl tissue. Hypocotyls 
always had more pronounced discolorations than the roots. This indicates 
that the disease probably starts either at the surface of the ground or only 
slightly below it and progresses more upward than downward. The bases 
of some of the lower leaves were also slightly affected, showing a slight 
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dark-brown discoloration, but all the leaves remained green and turgid. 
The diseased plants, stunted in growth and with their stems dark-brown to 
black and dry, retained their green leaves and turgidity for a long time. 
There was considerable mortality of the diseased plants before harvest, 
although on an average more than 50 per cent survived. Infection in most 
cases was severe. 

Practically all beets inoculated with eight reisolated cultures of Aphano- 
myces cochlioides became diseased. The average number of diseased seed¬ 
lings was 98.6 per cent, but this percentage varied from 93.4 to 100.0 for 
individual cultures (Table 1). The progress of the disease and the symp¬ 
toms were exactly the same as for the original cultures. 

In conclusion, all isolated and reisolated cultures of Aphanomyces 
cochlioides proved to be highly pathogenic to sugar-beet seedlings. 

Species of Pythium 

Both cultures of Pythium developed a considerable amount of disease. 
The average number of diseased seedlings was 84.8 per eent, but this per¬ 
centage varied from 82.3 to 87.3 for individual cultures (Table 1). 

During the progress of the disease, before any visible discoloration of 
the hypocotyls was noticeable, the leaves of diseased beets wilted and 
drooped. Later, diseased plants became stunted and chlorotic (lemon color) 
and eventually wilted, and many of them died. Most of the seedlings had 
a light-brown discoloration of their roots at harvest time. Less than half 
of the diseased seedlings died before harvest, and the remainder had only 
a mild degree of infection. Apparently the infection occurred either at the 
surface of the ground cr below it and the injury was confined almost 
entirely to the roots. 

At the time the reisolated cultures of Pythium were tested for patho¬ 
genicity only a few plants became diseased. The average number of 
diseased seedlings was 8.8 per cent, but this percentage varied from 5.3 to 
12.4 for individual cultures (Table 1). In general, the infection was 
slight and the symptoms of diseased seedlings closely resembled those 
inoculated with the original cultures, except that very little yellow dis¬ 
coloration was produced on the hypocotyls of diseased seedlings. Only one 
diseased plant died before harvest. 

In conclusion, the original isolates of Pythium were more pathogenic to 
beet seedlings than reisolated cultures. 

DISCUSSION 

Results are presented in which beet seedlings were artificially inoculated 
with six different groups of fungi. 

In evaluating these organisms as possible causal agents of seedling 
diseases of sugar-beets it appears that the symptoms of diseased seedlings, 
artificially inoculated with Aphanomyces cochlioides resembled most closely 
the majority of beets naturally infected in fields in Montana. 
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The symptoms of diseased plants artificially inoculated with Phoma 
resembled to some extent the ones infected with Aphanomyces cochlioidesy 
except that the leaves of P/ioma-infected plants showed some wilting; 
while those infected with Aphanomyces cochlioides showed practically none. 
Also there was a considerable amount of pre-emergence killing of the plants 
inoculated with Phoma and practically none in those inoculated with 
Aphanomyces cochlioides. Undoubtedly every year some beet seedlings are 
infected with Phoma in the field, although the percentage probably is not 
great. 

The symptoms of diseased seedlings artificially inoculated with Pythinm 
are typical of damping-off disease and were not observed to any great 
extent in diseased beets under field conditions. It is believed that Pythinm 
has only a minor significance in seedling diseases of sugar beets in Montana. 

The pathological symiitoms of beets infected by Macrosporium and 
Fusarium are not very distinct and for this reason it is difficult under field 
conditions to diagnose the causal factor of a disease on the basis of the 
symptoms alone. These symptoms may be confused with the early stages of 
disease produced by either Aphanomyces cochlioides or Phoma. 

Under the conditions of artificial inoculation, which are very conducive 
to infection, fungi like Fusarium and Macrosporium proved to be only 
slightly pathogenic to beet seedlings. Under competitive field conditions 
their pathogenicity will be even less. They probably act only as secondary 
invaders. 

The symptoms of diseased seedlings artificially inoculated with Ehizoc- 
tonia are typical for this disease and beets with this type of symptoms 
always could be found in a small number in the field. 

It appears that seedling diseases of sugar beets from the standpoint of 
the organisms involved are complex in nature, but under Montana con¬ 
ditions, Aphanomyces cochlioides is responsible for more seedling diseases 
of sugar beets than any other of the above mentioned fungi. 

A high percentage of artificially inoculated beets survived. This con¬ 
dition is usually observed in the field. If diseased beets survive until they 
are approximately in a 6th leaf stage, their recovery usually is assured. 
Since the number of young beet seedlings present in the field before thinning 
is always several times greater than that which is required for a proper 
stand, it appears that even \^ith a bad case of seedling disease it is possible 
to obtain more or less a normal stand by using delayed, selective thinning. 
However, the damage to the crop usually results not so much from the re¬ 
duced stand, as from the retarded growth of plants of low vigor. It is 
generally true that with a comparatively good stand of beets in the field, 
in which there was an abundance of seedling disease in the spring, the 
yields are usually poor because of small beets. 

In Montana, seedling diseases of beets can be effectively controlled by 
improving the physical conditions of the soil and by providing sufficient and 
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balanced fertilization (1, 2, 5). This usually results in a good stand, rapid 
and vigorous development of young beets, and high yields. 

SUMMARY 

1. Numerous isolations of different fungi were made from diseased 
sugar-beet seedlings in Montana. 

2. Pathogenicity of 13 isolated cultures of Phoma, 10 of Macrosporium, 
47 of Fusarium, five of Rhizoctonia, eight of Aphanomyces cochlioides, and 
two of Pythium was tested on sugar-beet seedlings. 

3. Fusarium, Macrosporium, and Rhizoctonia Avere only slightly patho¬ 
genic, Phoma and Pythium were moderately so, and Aphanomyces cochli¬ 
oides was the most pathogenic on sugar-beet seedlings. 

4. The symptoms produced by Aphanomyces cochlioides on artificially 
inoculated beets resemble most closely those manifested by the diseased 
seedlings in the field. 

5. Although seedling diseases of sugar beets from the standpoint of 
the organisms involved are complex in nature, it is believed that Aphano¬ 
myces cochlioides is responsible for most of the disease in Montana. 

6. It is evident that some of the fungi studied are only weak parasites, 
and possibly they act as secondary invaders. 

Department of Botany and Bacteriology, 

Montana State College, 

Agricultural Experiment Station, 

Bozeman, Montana. 
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KENTUCKY WONDER BEAN PLANTS AS HOSTS FOR MEASUR¬ 
ING SOUTHERN BEAN MOSAIC VIRUS ACTIVITY^ 


W. C. Price and Betty E. Holt 
(Aecieptcd for publication November 7, 1947) 

The Early Golden Cluster variety of garden bean {Phaseolus vulgaris 
L.) was first used for virus activity measurements in 1930 (6). Since 
then it frequently has been applied in studies on a number of different 
viruses. A recently described method for estimating the relative activity 
of Southern bean mosaic virus (Marmor laesiofaciens Z. et H.) with errors 
usually less than 10 per cent makes use of the necrotic local lesions produced 
by the virus on Early Golden Cluster bean plants (7). Unfortunately, 
seed of this variety has not been obtainable from commercial houses during 
the past two years. It has therefore been necessary to make use of another 
variety of P. vulgaris in carrying out activity studies on Southern bean 
mosaic virus. This paper describes the use of Kentucky Wonder bean 
plants for such activity measurements. 

Most varieties of Phaseolus vulgaris respond to infectior! with Southern 
bean mosaic virus either by the production of necrotic local lesions or of 
systemic mottling (10). Symptom expression is controlled by a single pair 
of allelomorphic factors, localization being dominant to systemic mottling 
(9). Zaumeyer and Harter (10) reported that the Kentucky Wonder 
varieties carried the dominant gene for the local lesion response. These 
varieties were therefore tested for their suitability for activity measure¬ 
ments of Southern bean mosaic virus. 

Plants were grown 6 to a pot in 4-ineh pots in composted soil in a green¬ 
house and thinned out to 3 before being used. When the primary leaves 
reached about three-quarters their mature size they were inoculated with one 
or another of various dilutions of Southern bean mosaic virus. The virus 
used for inoculation was obtained from three-weeks infected plants of the 
Bountiful variety by grinding in a food chopper and expressing the sap 
through a layer of cheesecloth. Dilutions of the sap were made in appro¬ 
priate volumes of 0.1 M potassium phosphate buffer at pH 7. 

Both Kentucky Wonder Wax and Kentucky Wonder Green Pod leaves 
developed typical necrotic lesions after inoculation. Table 1 summarizes 
the numbers of lesions produced on 36 leaves of each of the two varieties 
with each of 6 concentrations of Southern bean mosaic virus. 

The nature of the virus dilution curve has been considered by several 
workers (1, 3, 5, 8). Recently, Lauffer and Price (4) reviewed the litera¬ 
ture on this subject and reached the conclusion that the most tenable hypo¬ 
thesis for explaining the character of the curve is the simple hypothesis that 
the probability of obtaining infection is related to the probability of find- 

1 Aided hj a grant from the National Foundation for Infantile Paralysis, Inc. 
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ing a single infectious unit in an elemental volume of solution that comes 
into intimate contact with a susceptible region of the host surface. If y 
represents the number of local lesions produced with a dilution x of a 
solution containing n particles per cc., v an elemental volume coming into 
contact with a susceptible region of the host surface, and N the number of 
susceptible regions, then 

y = N(l-e--’^) (1) 

This equation was applied to virus dilution curve data by Youden, 
Beale, and Guthrie (8) and independently by Bald (1). If the particles 


TABLE 1 .—Total numhera of lesions produced on 36 leaves of Kentuchy Wonder 
Wax and Kentucky Wonder Green Tod hcan plants with each of 6 concentrations of 
Southern lean mosaic virus 


TjOg. virus 

Kentucky Wonder 

Kentucky Wonder 

concentration 

Wax 

Green Pod 

0 

.')0,4()0 

39,000 

-1 

31,320 

30,900 

-2 

25,920 

14,400 

-3 

7,920 

2,100 

-4 

1,980 

324 

- 5 

144 

30 


in the solution are aggregated into groups of 2 or more and if b is taken as 
the number of aggregates and K is a constant, then 


whe^e 


y = N(l~c-''^*) 


vbx = 


VI + 4Kvnx - 1 

Tk 


( 2 ) 

(2a) 


Equation 2 was developed by Bald (2) when it was observed that 
many sets of virus dilution data failed to fit equation 1 precisely. 

The data of table 1 were fitted to the curve of equation 2 with the follow¬ 
ing constants: K was 2.0 for both varieties, N was 45,000 for the wax 
variety and 35,000 for the green pod, while vn was 300 for the wax and 95 
for the green pod. In figure 1, log (y/N) is plotted as a function of log 
(vnx). It will be seen from this figure that the experimental data give an 
excellent fit to the theoretical curve. 

The region of the curve most suitable for virus activity measurements 
is that between log (vnx) = -* 0.25 and log (vnx) = - 2.0 (7). This means that 
for Kentucky Wonder Wax log (x) should be between -2.75 and -4.5 and 
for Kentucky Wonder Green Pod it should be between -2.25 and -4.0. 
Since both N and vn can be expected to vary from experiment to experiment, 
due to variation in growing conditions and age of host plants, these limits 
are also expected to vary. It has been the general practice in this labora¬ 
tory to prepare the standard virus preparation from freshly expressed sap 
of diseased Bountiful bean plants at dilutions of 10'** and 10 With few 
exceptiqns these concentrations can be expected to lie along the curve at 
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the most favorable points for activity measurements. It can be seen from 
figure 1 that over this range the log of the number of lesions produced is 
very nearly a linear function of the log of the virus concentration. 

In the experiments summarized in table 1 and figure 1, the same virus 
preparation was used in inoculating both types of plants. Hence n, the 
number of virus particles per cc., must have been the same in both dilution 
series. This means that v, the elemental volume of solution coming into 
contact with a susceptible region of the leaf surface, was about 3 times as 
great for the wax variety as for the green pod. From this it can be reasoned 
that the susceptible area on the wax type is about 3 times as large as that on 



Loc, Cvnx) 

Fig. 1. Graph of Southern bean mosaic virus dilution curve when Kentucky Wonder 
varieties of bean were used as host plants. 

the green pod. Since N was 45,000 for the wax bean and 35,000 for the 
green pod, and since an equal number of leaves were used in both cases, 
there were apparently about 28 per cent more susceptible areas on the wax 
than on the green pod variety. 

It is of interest that while the two virus infection series vary with 
respect to N and v, factors contributed by the host, they do not vary with 
respect to K. This lack of variation with respect to K is to be expected if 
K measures the degree of aggregation of virus particles in the virus solution, 
as was assumed in the derivation of equation 2a. It would be of value to 
carry out additional dilution curve studies with different preparations of 
virus to determine whether or not K is a constant for each virus preparation. 

Both Kentucky Wonder Wax and Kentucky Wonder Green Pod varieties 
have been used in this laboratory to measure activities of Southern bean 
mosaic virus preparations. While there are no data available for determining 




216 


Phytopatitolooy 


[VoL. 38 


precisely the accuracy of these measurements, it appears from general con¬ 
siderations that they are as accurate, if not more accurate, than those in¬ 
volving the Early Golden Cluster variety as a host. In table 2 are pre¬ 
sented data from an experiment designed to measure the activity of a virus 
sample which was expected to have an activity slightly less than that of 
the standard against which it was tested. When the figures in table 2 
were converted to logarithms, the logarithm of the relative activity of the 
unknown in terms of the standard and its standard error were calculated 
according to the method previously described (7). The calculated value is 
-0.182, indicating a relative activity of 66 per cent. The calculated 
standard error of the log is 0.053. The standard error is of the same order as 
that found previously when the Early Golden Cluster variety was used as 
the test plant (7). The standard errors calculated from similar experi- 


TABLE 2.— Numbers of lesions produced on 3 half leaves of KcniucVy Wonder 
Green Pod bean plants with different concentrations of Southern bean mosaic virus^ 


Pot. No. 

s, 

TTi 




(L) 

(R) 

(L) 

(B) 

1 

126 

164 

393 

502 

2 

105 

146 

306 

267 

3 

117 

147 

326 

373 

4 

72 

112 

270 

255 


(E) 

(L) 

(R) 

(Id 

5 

173 

69 

463 

303 

6 

102 

49 

297 

306 

7 

213 

63 

300 

387 

8 

125 

71 

343 

. 268 


a S and U refer to tlie standard and unknown virus ijrcparations, L and E refer to 
the left and right halves of the test i^lant leaves. 


ments performed during the last 18 months have been of the same order. 
From the results mentioned above it can be concluded that either Kentucky 
Wonder Wax or Kentucky Wonder Green Fod can serve as a suitable 
substitute for the Early Golden Cluster variety in measuring the activity 
of Southern bean mosaic virus. 


SUMMARY 

The numbers of necrotic lesions produced on both Kentucky Wonder 
Wax and Kentucky Wonder Green Pod bean plants, when inoculated with 
a series of dilutions of Southern bean mosaic virus, were found to follow an 
equation derived on the assumption that the virus particles are aggregated 
and that the chance of obtaining infection is related to the chance of find¬ 
ing a single infectious aggregate, or particle, in a unit volume of inoculum. 
It is a characteristic of this equation that over a certain range the log of 
the number of lesions is very nearly a linear function of the log of the virus 
concentration. It follows that the Kentucky Wonder varieties of bean are 
suitable^test plants for use in the method of measuring Southern bean mosaic 
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virus activity that involves comi>arison of two dilutions of the unknown 
vims preparation with two dilutions of a standard. Experimental data 
obtained over a period of 18 months, an example of which is given in the 
text, bear out this conclusion. 

Department of Biological Sciences, 

University of Pittsburgh, 

Pittsburgh U‘1, Pennsylvania. 
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COMPARISON OP TWO METHODS OP PELLETING 
ONION SEED IN THE CONTROL OP SMUT 

M. B. Linni and a. G. Newhallz 
(Accepted for publication November 12, 1947) 

A method for pelleting vegetable and other kinds of seed has been de¬ 
veloped by the Parmers and Manufacturers Beet Sugar Association, Sag¬ 
inaw, Michigan in cooperation with the Dow Chemical Company, Midland, 
Michigan. The primary purpose is to add bulk to light seed and to make 
all individual seeds uniform in size in order to facilitate precision sowing 
with mechanical equipment. Briefly, the process involves placing the seed 
in a revolving, spherical-shaped pan, then alternately wetting with a binder 
(methyl cellulose solution) and dusting with feldspar and other materials 
until round pellets of the desired dimensions have been formed. Thus 
fungicides, insecticides, hormones, fertilizers and the like can be built into 
the ‘‘piir’ and planted with the seed. 

Another method of pelleting seed described by the junior author 
in 1944 was developed in New York as a replacement for the laborious 
formaldehyde drip method of controlling onion smut. It consists of moist¬ 
ening the seed by stirring with a 5 per cent solution of methyl cellulose and 
then coating with an equal weight of an organic sulfur fungicide, Arasan or 
Tersan, by agitation for 5 minutes in an electric paint can shaker, or, as the 
senior author has found satisfactory, by rolling in a barrel or churn. The 
feldspar excipient is not used in the New York method tod the sticker 
solution is less concentrated. 

The pellets resulting from the two methods are somewhat ditferent, as 
seen in figure 1. The use of feldspar and of repeated applications of a more 
concentrated sticker solution results in a comparatively large, hard, uni¬ 
formly spherical pellet which on first sight would appear to be very desir¬ 
able. In the New York method the i)ellets come out, not quite spherical, and 
more or less mealy rather than hard or brittle. However, the New York 
method is less expensive than the Michigan method and better adapted to 
the needs of a temporary portable system of custom treatment or of individ¬ 
ual farm treatment of seed. Experiments conducted in Illinois and New 
York comparing Early Yellow Globe onion seed treated by each method 
were carried on by the writers in 1945 with the idea of evaluating the treat¬ 
ments from the standpoint of smut control, stand of seedlings, and ease of 
sowing in the conventional type seeders now in use. 

1 Assistant Professor and Assistant Chief in Plant Pathology, Department of 
Horticulture, University of Illinois, Urbana, Illinois. 

2 Professor of Plant Pathology, Cornell University, Ithaca, New York. 

8 Newhall, A. G. Studies on vegetable seed treatments in 1943. U. S. Dept. Agr., 
Plant Dis. Beptr. Supl. 145: 1-97, Onion Seed Treatments, p. 39-45. 1944. 

4-. Thiosan for onion smut control in New York. U. S. Dept. Agr., 

Plant Dis. Beptr. 28: 881-882. 1944. 

5—i-. Pelleting onion seeds with fungicides. Farm Besearch 11: 18, 20, 

1945. 
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Two one-pound samples Avere pelleted with Arasan and Tersan respec¬ 
tively through the courtesy of Mr. Arthur A. Schupp and Dr. Phelps Vogel¬ 
sang at Saginaw, by the Beet Sugar Association feldspar method hereafter 
designated the Michigan method while two more were treated at Cornell by 
the junior author, one each with Arasan and Tersan. The rate was a pound 
of fungicide to a pound of seed. One pound was left untreated. The 
Michigan treated seed was several times larger due to the amount of sticker 
and excipient employed, in addition to the pound of fungicide. 

One portion of each of the above 5 samples of seed was sown in Cook 
County, Illinois, in a field heavily infested with smut. Hole 20 of the No. 




Fio. 1. Untreated onion seed (top), compared with same number pelleted by the 
Michigan feldspar method (lower left), and by the New York method (lower right). 

300 Planet Jr. drill had to be used in sowing the Michigan pelleted seed, hole 
30 for the New York pelleted seed, and hole 8 for the untreated in order 
to sow approximately the same number of seeds per foot. In New York 
four plantings were made. Two were in the greenhouse and consisted of 
replicate samples of 100 seeds each. A similar one was made in the field, 
and a larger test, also in the field, employed an Iron King single row drill 
on several rows 300 feet long. Deep sowing in Illinois w^as coupled with 
excessive rainfall and, therefore, delayed emergence resulted in poor smut 
control. In the first New York greenhouse test six replications of 100 seeds 
were sown and although the differences in smut control Avere slightly in 
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favor of the New York method over the Michigan method they are not sig¬ 
nificant at the 5 per cent level. All are significantly better than the check. 
In the second greenhouse test made in New York an excess of moisture 
was purposely applied with the result that considerable late infection took 
place giving high smut counts. In the small New York field test there was 
so little smut that the significant benefits over the check from all treatments, 
replicated 5 times, can be attributed chiefly to control of damping off, there 
being no signifleant differences in smut control. Maggot injury was so 
severe in the fourth New York unreplicated field test that no smut or stand 
counts were made, but the effect of the rotating agitator of the drill on the 


TABLE 1.— Comparison of Michigan feldspar-pellcted onion seed with New YorTc- 
pelleted seed in the control of smut 


Location 
of test 

Kind of 
plots 

Fungicide 

Pelleting 

process 

No. plants 
emerged and 
counted 

Ave. percentage 
smutted 
seedlings^ 

New York 

Grccu- 

Avasau 

Michigan 

9.5 

10.6 


house, 1 


New York 

92 

9.6 



Ter sun 

Michigan 

S4 

14.3 




New York 

95 

8.4 



None 

None 

72 

51.5 


Green- 

Arasan 

Michigan 

89 

2.3.0 


house, 2 


New York 

S2 

23.0 



Tersaii 

Michigan 

76 

22.0 




New York 

81 

19.0 



None 

None 

72 

53.0 


Field 

Arasaii 

Michigan 

70 

.3.1 




New York 

69' 

1.4 



Tersaii 

Michigan 

67 

0.5 




New York 

70 

2.7 



None 

None 

55 

7.0 

Illinois 

Field 

Avasaii 

Michigan 

100 

70.0 




New York 

100 

40.0 



Tersaii 

Michigan 

100 

78.0 




New York 

100 

52.0 



None 

None 

100 

94.0 


»In the New York tests, this rci)resents the average of five replicated plots in the 
greenhouse and five in the field using 100 seeds in each plot. IMots were unreplieated in 
the two field tests. 


Stability of the pellets and seeding rate was closely observed. The results 
of these tests are summarized in table 1. 

It would appear from all of the tests that the Michigan method employ¬ 
ing feldspar did not give superior smut control nor better stands than the 
less expensive New York method, in fact what little difference there was 
seemed to be slightly in favor of the latter. In these and other tests both 
writers observed a considerable amount of unavoidable cracking of the feld¬ 
spar pellets when sown with seeders having metal or wooden based agitators. 
The longer the rows the more of this occurred and in the Illinois test the 
poorer control of smut may have been due in part to this destruction of the 
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pellet. The seeding rate was believed to have slowlj’^ inereased in one New 
York trial as time went on and more seeds were freed from their eoating. 

Since cracking of the pellets was thought to be due in part at least to 
interfacial friction, tests were run in Illinois to see if this trouble could be 
corrected by treating pellets with graphite. A fine lubricating graphite 
was mixed with Michigan feldspar-Tersan pelleted seed at the rate of IJ 
ounces to 60 pounds of pellets, which seemed to be the maximum that could 
be retained. Although the graphite tended to reduce friction a little, the 
benefit was rather slight as indicated in table 2 and the cracking of pellets 
and liberation of bare unprotected seeds was not eliminated. Experiments 
in New York by the junior author likewise resulted in the rejection of 
graphite for expediting the flow of onion seed mixed with dry Arasan. 

TABLE 2 .—Effect of graphite on seeding rate of Michigan feldspar-pelleted onion seed 


Number of jiellets sown per foot 
Seeder plate hole number 

10 12 14 1() 18 20 22 24 

2.6 4.1 6.7 6.1 7.5 12.8^ 15.3 21.3 

2.3 3.2 4.4 5.6 7.0 9.3 12.8 19.8 


a This rate is approximately equivalent to that obtained with New York pelleted 
seed using hole 11 and with nonpelletcd seed using hole 9. 

The conclusions reached are that when seed drills are available for onion 
growers which can handle the tough hard pellets, turned out by the Mich¬ 
igan feldspar method, without cracking, splitting, and crushing a large 
proportion of them, then the advantages of more even spacing of seeds in 
the ground may help offset the added expense of treatment by the Michigan 
method, but until then the advantages from the standpoint of smut control, 
economy, and even stands are somewhat in favor of the New York method 
of pelleting. 

Both methods may at times result in two or even three seeds occurring 
in one pellet which can affect yield records. Counts of the samples used in 
these experiments revealed a greater number of doubles in the Michigan 
than in the New York pelleted seed (11 per cent vs. 2 per cent) which may 
be due to the fact that the total amount of seed was small and more difficult 
to treat perfectly in the Michigan apparatus. 

University of Illinois, 

Urbana, Illinois, 

AND 

Cornell University, 

Ithaca, New York. 


Treatment 


Graphite 
No graphite 






FIELD STUDIES ON SPREAD OP THE MILD STREAK DISEASE 
OF BLACK RASPBERRIES 

W. F. Jeffers and M. W. Woodsi 
(Accepted for publication November 12, 1947) 

Mild streak, a disease apparently of virus nature, is the most serious 
trouble affecting black raspberries in Maryland. This disease was first ob¬ 
served in Maryland about 1935 and since that time has increased to such an 
extent that nearly all plantings in the State are affected. 

Loss from mild streak is due to the effect on the fruit. Fruit symptoms 
vary to some extent in different varieties and there are also seasonal vari¬ 
ations. However, typical fruit symptoms consist of loss of gloss and a 
pitting or shrinking of the individual drupelets. This results in under¬ 
sized, dull, seedy, unattractive fruit of poor flavor. 

Discolored streaks of varying intensity can usually be found on the lower 
portion of young canes affected with mild streak. This symptom varies 
greatly with variety and season but generally consists of elongated, water- 
soaked markings which later in the season become more clearly defined and 
somewhat purplish. However, in many instances the streaks are so faint 
as to be barely discernible. Fruit and cane symptoms are shown in figure 1. 

Mild streak was first described as being distiiict from severe streak by 
Rankin (6) in 1931, but he had apparently been familiar with this disease 
for several years previous. In 1932 Cooley (3) presented a complete 
description of the symptoms of mild streak. Since this time various other 
workers have presented descriptions of mild streak (1, 2, 4, 5, 7, 8, 9, 
and 10). Rankin (6) had previously shown that plants within ten feet of 
mild streak infected plants were much more apt to become infected than 
those further away. Rankin also proved that mild streak spread more 
rapidly in the variety Ohio than in Plum Farmer or Cumberland. Cooley 
(3) stated that the rate of spread is usually slow; about doubling each 
season. However, in vigorous plantings, the rate was more rapid. Woods 
and Haut (10) reported the spread of mild streak to be rather rapid up to 
20 feet but slower up to 200 feet. 

To obtain information leading to possible control measures, a study of 
mild streak under field conditions was begun. In the spring of 1941 about 
2,500 plants of the Cumberland black raspberry were obtained from the 
Ohio Small Fruit Improvement Association. These plants showed no 
symptoms of mild streak during the first growing season. The field in 
which these plants were set had not been previously planted to raspberries 
but the north side was bordered by a hedge row containing wild black rasp¬ 
berries and blackberries and was about 200 yards from several old plantings 
containing much mild streak. The east side of the field was about 100 feet 

1 Scientific Contribution No. A177. Contribution No. 2078 of the University of 
JJnryland Agricultural Experiment Station (Department of Botany). 
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from a woods containing wild brambles. The land sloped rather steeply 
from the high southwest corner to the low northeast corner. 

During the fruiting season of 1942 a careful inspection revealed that 37 
of 2,435 plants were infected with mild streak. The infected plants were 
distributed rather uniformly throughout the field. These plants were 
burned, in place, with a flame thrower, and later removed. Thus it was 
apparent that some infection must have occurred during the growing season 
of 1941 or early in 1942 or that there was some mild streak present in the 
plants when set. Inspection during the rest of 1942 showed no evidence of 


TABLE 1 .—Amount of mild streak in sections of test planting of Cumberland 
raspberries from 1942 through 1947 


Location 

Plants observed 

Year 

Plants infected with 
mild streak 


Number 


Nu mber 

Per cent 

Section 1 . 

. 729 

1942 

12 

1.6 

Section 2 . 

. ... 846 


11 

1.3 

Section 3 . 

. 860 


14 

1.6 

Total. 

. 2435 


37 

1.5 

Section 1 . .. 

. 718 

1943 

417 

58.1 

Section 2 .... 

. ... 846 


73 

8.6 

Section 3 . 

860 


57 

6.6 

Total . 

., . 2424 


547 

22.6 

Section 1 .. . 

. 714 

1944 

481 

67.4 

Section 2 . 

827 


198 

23.9 

Section 3. 

. 852 


132 

15.5 

Total. 

. 2393 


811^ 

33.9 

Section 1 . 

. 708 

1945 

586 

82.8 

Section 2. 

768 


329 

42.8 

Section 3 . 

. 832 


217 

26.1 

Total . 

. 2308 


1132 

49.1 

Section 1. 

. 709 

1946 

629 

88.7 

Section 2 . 

. 704 


449 

63.8 

Section 3 . 

. . 809 


320 

39.6 

Total. 

. 2222 


1398 

62.9 

Section 1 . 

. . 700 

1947 

670 

95.7 

Section 2 . 

698 


660 

94.6 

Section 3 

. 804 


681 

84.7 

Total . 

. 2202 


2011 

91.3 


further infection. In 1943 the distribution of mild streak was again 
plotted. It was found that 547, or 22.6 per cent, of the 2,424 plants exam¬ 
ined were infected. The increase in amount of infection was greatest in 
the north end of the planting. In view of the large amount of infection and 
because this planting was in cooperation with a commercial grower, roguing 
was discontinued. 

Observations made as early as May 15, 1943, soon after new growth 
appeared, showed that the incidence of mild streak was much greater than 
in 1942. This early appearance of mild streak symptoms together with the 
fact that no further infected plants were recognized during the remainder of 
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the 1942 season suggests that current season infection cannot be readily 
recognized. 

Spread of mild streak in different parts of the test planting was deter¬ 
mined by dividing the fields into three sections. Section one included 
twenty rows at the north end; section two, the central twenty rows and 
section three, the twenty rows on the south end. The amount of mild streak 
found in each section for the six year period of 1942-1947 is shown in table 1. 

The rapid spread of mild streak in section one has not been correlated 
with any factor but it seems possible that it may be related to the distribu¬ 
tion of an insect vector and the proximity of wild and escaped brambles. 
Cooley (3, 4) and Rankin (6), on the basis of field observations, sug¬ 
gested that mild streak may be transmitted by an insect vector. Bennett 
(1) tested Amphorophora rul)i, Aphis ruhiphila, and Amphorophora sen- 
soriata for their ability to transmit streak but obtained only negative results. 

TABLE 2.— Insects, "belonging to groups "known to transmvt plant viruses, collected 
in test planting 


Aleyrodinae (2 species) Possibly Trialeu- 
rodes 

Aulacaspis rosae (Bouchc) 

Graphocephala coccinea (Forst.) 
Scaphtopius acutus (Say) 

Lepyronia quadrangularis (Say) 

Empoasca erigeron, Del. 

Empoasca fdbae (Harris) 

Empoasca copula, Del. 


Erythroncura torella, Rob. 

Erythroncura sp. Probably obliqua (Say) 
Amphorophora sp. 

Cinara sp, 

Macrosiphum ambrosiae (Thos.) 
Macrosiphum pisi (Kalt.) 

Mytuocallis punctatellus (Fitch.) 
Cercosipha rubifolii (Thos.) 


Observations of insects present in this planting showed a stem-inhabiting 
aphid, tentatively identified as Amphorophora sensoriata Mason, to be the 
most prevalent aphid species present. Sweepings yielded a number of 
other insects. Those belonging to groups known to transmit plant viruses 
are listed in table 2.^ 

Of the various insects listed in table 2, only Cercosipha ruHfolii (Thos.) 
is known to feed on Ruins, While the possibility that one of these or some 
other insect may transmit mild streak cannot be excluded it is felt that cir¬ 
cumstantial evidence warrants further testing of Amphorophora sensoriata. 
Transmission experiments with this insect are now in progress. 

SUMMARY 

1. Mild streak, a disease apparently of virus nature, is widespread in 
Maryland black raspberry plantings. 

2. Rapid spread of the disease may occur under field conditions. 

3. Current season infection cannot be readily recognized. 

University of Maryland, 

College Park, Maryland. 

2 The authors are indebted to the U. S. National Museum for identification of 
these insects. 
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RESISTANCE TO BACTERIAL WILT AND BLACK SHANK 
IN FLUE-CURED TOBACCO^ 

T. E. Smith and E. E. Clayton 
(A ccepted for publication November 17, 1947) 

INTRODUCTION 

Bacterial wilt {Bacterium solanacearum p]. F. Smith) and black 
shank {Phytophtliora parasitica var. nicotianae Tucker) have caused 
serious diseases of tobacco for many years in restricted areas of the 
southeastern United States. Wilt occurred in North Carolina in the north 
central and eastern sections. Black shank occurred in the shade tobacco 
section of Horida and Georgia and in the flue-cured tobacco section of North 
Carolina and Virginia. Separate flue-cured tobacco varieties resistant to 
each disease have beeii developed and introduced. T.l. 448A from Colombia, 
South America, was shown to have high resistance to wilt (iJ) and in later 
work, Oxford 26, a resistant flue-cured variety, was selected from the cross 
of T.l. 448A X 400 (5). Florida (101 (6) was highly resistant to black shank 
in North Carolina and it was used in crosses with flue-cured varieties to 
develop Oxford 1, 2, 3, and 4 (2). These new varieties are grown success¬ 
fully on soils infected with either bacterial Avilt or black shank. HoAvever, 
in recent years black shank has spread into regions where wilt occurred. 
The situation now requires a variety highly resistant to both diseases. This 
paper is a report of resistance to black shank in genotypes resistant to 
bacterial wilt and of resistance to bacterial wilt in genotypes resistant to 
black shank. Results are also reported from a cross between wilt and black 
shank resistant genotypes. 

RESULTS 

Resistance to black shank was measured in replicated plantings made 
on infested field plots. To ineasiu’e the degree of resistance to black shank, 
counts of dead or obviously diseased plants were made. Three wilt resistant 
genotypes (T.l. 448A, Oxford 26, and 43-2) were compared with t^lorida 
301 which is black-shank resistant, and 4 flue-cured varieties (Gold Dollar, 
400, 401, and Yellow Special) that are susceptible to both diseases. Ap¬ 
proximately 3 months after transplanting, Florida 301 averaged 11 per cent 
black shank, and T.l. 448A averaged 49 per cent black shank. The dif¬ 
ference between Florida 301 and T.l. 448A was significant (0.01). Oxford 
26 and 43-2, Fo lines of T.l. 448A x 400, averaged 86.5 per cent black shank 
and the four susceptible flue-cured varieties averaged 97.5 per cent black 
shank. The difference between the Po lines and the susceptible varieties 
was significant (0.01) in an analysis of variance of the transformed (1) data. 

1 Cooperative investigations of the Division of Tobacco, Medicinal and Special 
Crops, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Re¬ 
search Administration, U. S. Department of Agriculture, and The N. C. Agricultural 
Experiment Station and Department of Agriculture. 
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Thus all three wilt resistant genotypes tested had some resistance to black 
shank. 

Resistance to bacterial wilt was also measured in replicated plantings on 
infested field plots. To measure wilt resistance, counts were made of plants 
dead or obviously wilted on 2 dates. Four black-shank-resistant genotypes 
(Oxford 1, 2, 3, and 201) were compared with wilt resistant Oxford 26 and 
two flue-cured varieties (Gold Dollar and 400) that were susceptible to both 
diseases. In midseason, 2 months after transplanting, all varieties had 
significantly (0.01) more wilt than Oxford 26. Among the black-shank- 
resistant genotypes, only Oxford 2 (51 per cent wilt) and Oxford 201 (54 
per cent wilt) had significantly ( 0 . 01 ) less wilt than the average of the two 
susceptible flue-cured varieties (87 per cent). Near the end of the growing 
season, 4 months after transplanting, Oxford 2 was badly diseased. How¬ 
ever, on this date, Oxford 201, an Fs of Florida 301 x 400 x 400 x 400, 
averaged 63 per cent wilt in comparison to 15 per cent in Oxford 26 and 99 
per cent in Gold Dollar. Thus, some wilt resistance occurred in 2 of the 4 
genotypes resistant to black shank. 

Lines resistant to wilt and to black shank were crossed in 1941. The 
hybrids were selected for wilt resistance and desirable growth characters in 
the F 2 , Fa, and F 4 . An Fq wilt-resistant line, designated as Oxford 202, was 
grown in separate wilt- and black-shank-infested plots. On the wilt plots, 
11 single plant selections of Oxford 202 averaged slightly less wilt than T.I. 
448A under conditions where Gold Dollar was 100 per cent wilted. On the 
black-shank plots, these same lines of Oxford 202 averaged significantly 
(O.Ol) less black shank than Gold Dollar. In further tests of black-shank 
resistance in Oxford 202, nine Fe lines averaged 47 per cent black shank in 
a planting where Florida 301 had 3 per cent and 400 had 100 per cent. 
These results on wilt-infested soil showed that very high resistance to wilt 
was recovered, and furthermore, many lines selected only for wilt resistance 
had moderate resistance to black shank. 

DISCUSSION AND CONCLUSIONS 

Resistance to bacterial wilt in T.I. 448A and resistance to black shank in 
Florida 301 are inherited on a multiple factor basis (2, 4, 6 ). Many field- 
plot data and farm experience have shown that the full resistance of each 
basic stock is necessary for effective disease control under conditions of 
continuous tobacco culture. The full resistance was difficult to recover 
after crossing. For example, in the Fg of T.I. 448A x flue-cured varieties, 
63 segregates of high wilt resistance were selected from a total population 
of 5200, a ratio of 1: 82. In the F 2 of Florida 301 x flue-cured varieties, 29 
segregates of high black-shank resistance were selected from a total popula¬ 
tion of 935, a ratio of 1:31. Based on these field-plot results, the F 2 of a 
cross between genotypes resistant to wilt and resistant to black shank should 
carry segregates of high resistance to both diseases in the ratio of 1:2655. 
In the Absence of linkage, the development of a flue-cured variety highly 
resistant to both diseases would be an extremely difficult undertaking. 
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Linkage between wilt resistance and black-shank resistance was indicated 
by the results obtained since 1944. TJ. 448A, the source of resistance to 
wilt, was moderately resistant to black shank. After a cross of T.I. 448A 
x400, selection for wilt resistance isolated Pe lines with low resistance to 
black shank. Among black-shank-resistant varieties selected from backcross 
generations of Florida 301 x flue-cured varieties (recurrent parent), Oxford 
2 and 201 had measurable resistance to wilt. Further evidence of linkage 
was obtained from the cross of a genotype resistant to wilt x a genotype 
resistant to black shank. The progeny of this cross was selected only for 
wilt resistance in the P 2 , F 3 , and P4. This material, designated as Oxford 
202 , had high wilt resistance and moderate black-shank resistance in the 
F 5 and Pe. It is significant that the initial F 2 , out of which Oxford 202 
was selected, contained only 240 jjlants or approximately one-eleventh of 
the calculated number required for recovery of one P 2 segregate with high 
resistance to both diseases. Linkage increased the number of segregates 
with combined resistance. The results show that a flue-cured variety of 
tobacco with high resistance to wilt and black shank can probably be 
developed without resort to excessively large populations. 

North Carolina Agricultural Experiment Station, 

Raleigh, North Carolina. 
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CANNA MOSAIC IN THE UNITED STATES 


Philip Brierleyi and Floyd F. Smiths 
(Accepted for publication November 17, 1947) 

In September, 1942, Mr. Horace V. Wester of the National Capital 
Parks, Washington, D. C., submitted to the writers three samples of orna¬ 
mental cannas {Canna generalis Bailey) as follows: Richard Wallace show¬ 
ing symptoms of a virus, the same variety apparently healthy, and the 
variety The President apparently healthy or symptomless. Two plants 
of Canna glauca L.^ occurred in mixture with the mosaic Wallace, and 
showed strong yellow stripe symptoms. In December, 1945, Dr. (leorge M. 
Reed supplied 5 varieties of canna previously selected at the Brooklyn 
Botanic Garden by Floyd F. Smith. These varieties were Indiana, King 
Humbert, Richard Wallace, Wyoming, and The President, all but the last 
showing symptoms of a virus disease. In nurseries in Michigan and 
Delaware visited by the writers in 1946 and 1947, all of 25 or more canna 
varieties grown except The President showed the same virus symptoms. 
We have attempted to determine wdiethcr this common mosaic of canna in 
the United States agrees with the mosaic of Canna mdica h. ])reviously 
described from the Philippines,'^ and whether The President is resistant 
or immune to this virus. 

Occurrence of a mosaic of Canna indica in Japan was reported by 
Fukushi"‘ in 19112, and by Oclemia^' in the Philipi)ines in 1937. A detailed 
experimental study of the disease was made by Oefemia, Macaspac, and 
Yuan,”* who found it locally abundant in C, indica in the province of Davao. 
These workers describe and illustrate symptoms of canna mosaic in C. indica 
and in abaca {Mnsa textilis Nee). Early leaf symptoms are fine chlorotic 
lines connecting two branch veins. Later spindle-shape chlorotic areas 
may appear. In advanced stages continuous or broken chlorotic stripes 
extend from the midrib to the leaf margin parallel with the veins, and the 
leaf may become wrinkled or curled. Such stripes may become brown 
necrotic in late stages, particularly in ornamental cannas. Streaking of the 
petal color in C, indica and in ornamental varieties is also mentioned. 
Canna mosaic was not seed borne in C, indica. One successful transfer by 
leaf-rubbing was considered inconclusive. Transmission was successful 

1 Patholof^ist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering; and 2 Entomologist, Division of Truck 
Crop and Garden Insects, Bureau of Entomology and Plant Quarantine, Agricultural 
Research Administration, United States Department of Agriculture, Beltsville, Maryland. 

3 We are indebted to Dr. F. J. Hermann for identification of the species of Canna, 
Uedychinm, and Mvsa mentioned in this paper. 

* Oefemia, G. 0., I. S. Macaspac, and II. F. Yuan. Experimental transmission of the 
mosaic of Canna indica, Philipp. Agric. 30: 357-.370. 1941. 

. 5 Fukushi, T. A contribution to our knowledge of virus diseases of plants in .Japan. 

Trans. Sapporo Nat. Hist. Soc. 12: 130-141. 1932. 

® Oefemia, G. O. The abaca-diseaso situation in Davao. Philipp. Agric. 26: 229- 
236. 1937. 
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with the aphids Aphis gossypii Glover and A. maidis Fitch, but not with A. 
lahurni Kalt., Pentalonia nigronervosa Coq., or Bhopalosiphtim nymphaeae 
L. Canna mosaic was transmitted to C. edulis Ker. as well as to M. textilis, 
C, indica, and ornamental cannas by A. gossypii, but this vector failed to 
transmit the virus to cotton or cucumber. Aphis gossypii was shown to 
transmit canna mosaic virus in the non-persistent manner, acquiring the 
virus in 5 minutes’ feeding on a source plant and becoming non-infective 
after feeding on one healthy plant or after 1 hour without food. 

materials and methods 

The canna varieties listed above served as sources of the virus. The 
procedures used in mechanical transmission and in insect transfer experi¬ 
ments were the usual ones that we described earlier.^ Canna seedlings were 
used as test plants. Gaima glauca which seemed promising for this purpose, 
failed to set seed in onr cultures even wdien hand-pollinated. Seed of 
Richard Wallace open pollinated in the field produced virus-free seedlings, 
but these proved somewhat inferior for test purposes because of weak 
symptom expression when infected. In December, 1945, we received 
seed of C. indica from Trinidad, through the courtesy of Mr. B. Y. Morrison 
of the Division of Plant Exploration and Introduction. These seeds ger¬ 
minated readily after scarifying and produced satisfactory test plants. 
Test plants of Hedychium coronarium Koenig were divisions of individuals 
purchased from a nursery in Alabama, and divisions of Musa cavendishii 
Lamb, and M. text ills were obtained from stock growing in the greenhouses 
at Plant Industry Station, Beltsvillc, Maryland. 

IDENTITY OF THE VIRUS 

There is complete agreement in the symptoms observed in our material 
of Canna ind4ca (Fig. 1, A) and ornamental cannas (Fig. 1, B) with those 
described by Oefemia, Macaspac, and Yuan for these species in the Philip¬ 
pines. Similar symptoms occurred in C, glauca (Fig. 1, C) with necrotic 
streaks prominent in the expanded leaves. This species was not included 
in the Philippine study and their C, edulis was not available to us. Re¬ 
peated inoculation of Hedychium coronarium, Musa textilis, and M. caven¬ 
dishii by suitable aphid vectors has failed to induce symptoms in these 
species in our trials, und' Myzus persicae (Sulz.) also failed to recover the 
virus from inoculated M. textilis. As previously noted, Oefemia, Macaspac, 
and Yuan readily infected M. textilis in the Philippines. This discrepancy 
is possibly not significant, as it is doubtful whether our potted M. textilis 
ever attained the vigorous growth that this species makes in the open in 
the tropics. Canna mosaic was not transmitted to cucumber in two trials, 
nor Vida faha L. in one trial. In comparative tests M, persicae transmitted 
cucumber mosaic to cucumber and to C, indica, but transferred canna 

7 Smith, Floyd F., and Philip Brierley. Ornithocalum mosaic. Phytoi)ath. 34; 
497-503. 1944. 
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FiQ. 1. Symptoms of caniia mosaic. 


A. Canna indica; B. Ornamental canna variety 


Richard Wallace; C. Canna glauca. Photos by O. H. Grecson. 



mosaic to C. indica only. Cucumber mosaic was reisolated mechanically 
in tobacco from cucumber and from C, indica^ but no transfer of canna 
mosaic from C, indica resulted in a parallel test on tobacco. Initial symp¬ 
toms of canna mosaic in C. indica have been noted 4 times- after intervals 


TAHLI^] Transmission of canna mosaic bt / aphids 


No. of 
trials 

Source 
of virus 

Plants 

inoculated 

Plants 

affected 

Aphis yossijpii 



o 

Canna glauca 

C. gcncralis 

0/15 

1 

Canna glauca 

C. indica 

0/3 

] 

Richard Wallace 

C. indica 

1/5 

Aphis maidis 



2 

C. glauca 

C. gcncralis 

7/15 

Macrosiphum solanifolii 



1 

Richard Wallace 

C. indica 

2/5 

1 

C. glauca 

C, indica 

0/5 

Mpzus cireumflexus 



1 

C. glauca 

C. indica 

1/5 

"Mn^us convolvuli 



1 

Richard W’^allace 

C. indica 

0/5 

Myzus persicae 



2 

C. glauca 

C. gcncralis 

4/13 

1 

C, glauca 

C, indica 

0/2 

3 

C. indica 

C. indica 

10/12 

1 

King Humbert 

C. indica 

4/5 

2 

The President 

C. indica 

0/8 

4 

Richard Wallace 

C. indica 

15/20 

1 

Richard Wallace 

The President 

0/2 

2 

Wyoming 

C. indica 

5/9 
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of 13 to 15 days, but in many plants symptoms were first detected after 20 to 
40 days. This is good agreement with the Philippine report of 2 weeks 
stated by Oefemia, Macaspac, and Yuan. 

No evidence of seed transmission was detected when 44 seedling Canna 
indica were grown from seed of mosaic plants; Oefemia, Macaspac, and 
Yuan also report no seed transmission. Mechanical transmission by the 
carborundum leaf-rubbing method failed on 10 C. indica plants in one 
trial, but produced typical canna mosaic symptoms in 4 of 25 plants 
inoculated in later trial from (7. indica to more succulent test material of C, 
indica, Oefemia, Macaspac, and Yuan reported one mechanical transfer 
to Mnsa textilis, which they considered of doubtful significance. 

Aphid transmission tests in cannas are summarized in table 1. All 
tests were conducted with the technique suited to nonpersistent viruses, 
the successful transfers, therefore, confirming the nonpersistent nature of 
canna mosaic virus which the Philippine workers had previously reported. 
Transmission by Aphis gossypii and by A. maidis, previously shown to be 
vectors, was successful. However, A. gossypii was comparatively in¬ 
efficient as a vector in our trials, although very efficient in the Philippines. 
Three additional vectors, Macrosiphum solayiifolii (Ashm.), Myzus circum- 
flexns (Buckt.), and M, persicae were established, but M, convolvtdi (Kltb.) 
failed to transmit canna mosaic in a single trial. Myzus persicae proved to 
be the most efficient of the species used in our trials, and was, therefore, 
used in most of our attempts to establish additional hosts outside the genus 
Canna, all of which were unsuccessful. 

IMMUNITY OP THE PRESIDENT C ANNA 

The variety The President was symptomless as received from Washing¬ 
ton, D. C., and from Brooklyn, N. Y., in each of which places it had been 
grown adjacent to mosaic cannas. No mosaic symptoms have been detected 
in this variety in the writers’ scattered observations elsewhere. In parallel 
tests Myzus persicae transmitted canna mosaic to Canna indica from the 
varieties King Humbert (4/5), Richard Wallace (7/10), and Wyoming 
(5/5), but failed to transmit from The President (0/5). The President was 
then inoculated from Richard Wallace by this vector without effect (0/2) 
while C, indica in a parallel trial was infected (3/3). Transfers of M, 
persicae from these inoculated plants of The President to C, indica were 
without effect (0/8), but parallel transfers from mosaic C. indica to C, indica 
produced typical canna mosaic symptoms (3/3). These experimental re¬ 
sults show that The President is not a symptomless carrier of canna mosiac, 
and offer strong evidence that this variety is immune from the disease. 

DISCUSSION AND CONCLUSIONS 

Canna mosaic as studied by the writers is considered the same as the 
mosaic of Canna indica previously reported from the Philippines. Trans¬ 
mission by Aphis gossypii and by A. maidis was confirmed. The principal 
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discrepancy is the failure of our virus to infect M\isa textilis. Canna glauca 
is reported as an additional host species. Experimental transmissions by 
leaf rubbing and by additional vector species Macrosiphum solanifolii, Myzics 
circumflexus, and M, persicae were established. Evidence is presented 
that the popular red-flowered ornamental canna variety The President is 
immune from canna mosaic. 

Agricultural Research Center, 

Beltsville, Maryland. 



INFECTION OF TOMATO FRUITS BY COLLETOTRICHUM 

PHOMOIDES^ 


Joseph P. Pultons 
(Accepted for publication November 21, 1947) 

The fungus Colletotrichum plunnoides (Sacc.) Chester has long been 
considered a wound pathogen on ripe tomatoes. Arthur (1), Chester 
(2, 3, 4), Halsted (9), Giieguen (8), and others were able to transmit the 
disease from one ripe tomato to another only by wounding the inoculated 
fruits. Davidson (5) concluded from field observations that natural infec¬ 
tion must take place through microscopic cracks in the cuticle of the fruits. 
Doolittle (6, p. 27) stated that C, phonioides can infect apparentl}' un¬ 
wounded tomatoes. This statement was based on studies in which healthy 
tomatoes were sprayed with a suspension of spores of the anthracnose 
fungus.^ 

Tomato anthracnose develops ordinarily on ripe fruits but the failure 
to control the disease by application of fungicides to near-ripe or ripe fruits 
suggests that infection takes place some time prior to ripening (16, 17). 

A study was made of some of the factors related to infection of tomato 
fruits by Collet otrichum pliomoides, with emphasis on the mode of infection 
and the stages of maturity at which the fruits arc susceptible to infection. 

METHODS 

Experiments were conducted on greenhouse-grown tomatoes using two 
red-fruited varieties, Early Baltimore and Garden State. In preliminary 
studies field-grown tomatoes proved unsatisfactory because of the high per¬ 
centage of natural infection. The greenhouse plants were started in pots 
and after several weeks were transplanted to the bench, where they were 
supported by heavy twine and pruned to two branches. A date tag Avas 
attached to each blossom shortly after pollination when the ovaries became 
slightly swollen. 

The inoculum used was obtained from five-day-old cultures of Colleio^ 
trichum phomoides on potato-dextrose agar slants. A small amount of 
water was added to each slant and a spore suspension prepared by gently 
scraping the surface with a wire loop. Spores were then washed* by cen- 

1 Condensed from a thesis submitted in partial fulfillment of the requirements for a 
degree of Doctor of Philosophy in the Graduate School of the University of Illinois. 

2 The writer is indebted to Dr. M. B. Linn for advice during the progress of the work 
and criticism of the manuscript. Grateful acknowledgement for criticism of the manu¬ 
script is also made to Professor N. E. Stevens. 

Present address: Department of Plant Pathology, University of Arkansas, Fayette¬ 
ville, Arkansas. 

3 Correspondence with Dr. Doolittle. 

* Washing of the spore suspension was essential especially when green tomatoes were 
inoculated. Unwashed spore suspensions or agar discs on which the fungus was growing 
contained materials which diffused from the inoculum into the green fruits causing black 
spotting and, later, distortion of the fruits. 
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trifugiiig through two changes of water. Several ml. of this suspension were 
poured onto pads of moist cotton approximately two inches in diameter and 
these were applied to the fruit surfaces. Detached fruits were placed in 
moist chambers for two days. Fruits inoculated on the vine were covered 
with waxed paper bags for two days to conserve moisture. 

In histological studies of the mode of infection, fruits were inoculated 
by the methods just described or in some cases with spore suspensions applied 
in droplets to marked areas on the fruits. Inoculated areas were cut from 
the fruits at various time-intervals ranging from twenty-four hours to 
several weeks. The specimens were fixed in FAA, dehydrated in ethyl 
alcohol, cleared in xylol, and imbedded in paraffin according to the usual 
methods. Sections were cut 10 microns in thickness and stained with 
safranin and fast green. A few sections were stained with Flemming ^s 
triple stain after decolorizing in StockwelPs solution. Temporary mounts 
for observation of the spores and appressoria on the fruit surfaces were 
made by mounting pieces of tomato skin in lacto-phenol containing 0.1 per 
cent cotton blue. 


FRUIT INFECTION 

Wounding 

In studying the relation of wounding to infection five shallow wounds 
were made with a sharp needle in the epidermis of each tomato at the time 
of inoculation. Fruits of various ages were inoculated and allowed to ripen 
fully on the vines. They were then picked and stored at 80° F. for two 
weeks. No attempt was made to control humidity. As the lesions appeared 
care was taken to determine whether the lesions developed from wounds or 
in the surrounding apparently unwounded areas. The percentages of fruits 
developing lesions from wounds and the percentage showing lesions in the 
unwounded areas are presented in table 1. 

TABLE 1 .—Infection of wounded tomato fruits 


Variety 

Age when 
inoculated 

Number 

inoculated 

Percentage 
developing 
lesions from 
wounds 

Percentage 
developing 
lesions in 
unwounded 
areas 

Early Baltimore 

10 to 20 days 

8 

0 

50 


20 to 40 days 

5 

60 

80 


40 to 60 days 

11 

100 

72 


Control, 

uninoculated 

16 


0 

Garden State 

10 to 20 days 

10 

0 

70 


20 to 40 days 

8 

25 

87 


40 to 60 days 

8 

62 

100 


Control, 

lininoculated 

15 


0 
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These data indicate that as the fruits approach maturity the pathogen 
can readily gain entrance through wounds. Young fruits, however, are not 
easily infected in this manner. Wounding of young fruits causes a corking 
of the surrounding tissues which effectively prevents further development 
of the fungus. Wounding, in the manner described, is not necessary to 
obtain infection. Inoculation of young fruits produces typical lesions only 
on apparently unwounded areas. Infection of mature fruits can also occur 
on unwounded areas. 

Maturity 

The relation of maturity of fruits to the susceptibility to infection by 

TABLE 2.— Infection of unwounded tomato fruits by Colietotrichum phomoides in 
relation to the age of the fruits when inoculated 


Variety 


Early Baltimore 


Garden State 


Age when 
inoculated 

Number 

inoculated 

Percentage of 
green fruits 
with 

stylar rot 

Percentage of 
ripe fruits 
with 

typical lesions 

5 days 

8 

25 

0 

10 days 

30 

20 

0 

15 days 

13 

7 

33« 

20 days 

14 

0 

57 

30 days 

17 

0 

88 

40 days 

25 

0 

80 

50 days plus, 
fruits green 

21 

0 

85 

50 days plus, 
fruits pink to ripe 

15 

0 

80 

Control, 

uninoculatcd 

16 

0 

0 

5 days 

4 

75 

0 

10 days 

13 

30 

44a 

15 days 

16 

0 

62 

20 days 

23 

0 

65 

30 days 

11 

0 

63 

40 days 

14 

0 

85 

50 days plus, 
fruits green 

14 

0 

92 

50 days plus, 
fruits pink to ripo 

7 

0 

85 

Control, 

uninoculated 

15 

0 

0 


* Calculated on the basis of the fruits which reached maturity. 

Colletotrichum phomoides was investigated by inoculating unwounded toma¬ 
toes at various ages, viz., 5,10,15, 20, 30, 40, 50 days, and later as the fruits 
colored and ripened. The fruits were picked and stored for two weeks in 
the same manner as previously described. 

The percentages of infection (Table 2) indicate that the fungus can pene¬ 
trate the cuticle and cause incipient infection at a very early stage in fruit 
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development. There is some increase in susceptibility to this type of infec¬ 
tion as the fruits mature. 

A certain number of the fruits inoculated when 15 days old or less devel¬ 
oped a stylar rot 20 to 30 days after inoculation. The area around the style 
became black to dark brown and black sclerotial bodies of the fungus devel¬ 
oped in this dry, rotted region. The rot was much more extensive in the 
interior of the fruits than it was on the exterior. Seeds, as well as the tissues 
of the walls of the seed cavities, showed discoloration and rotting. Colleto- 
trichum phomoides was repeatedly isolated from the affected tissues. Pot¬ 
ting in this instance may have followed injury to the styles at the time of 
inoculation. 

Temperature Relation 

Nightingale and Ramsey (13) reported that Colletotrichum phomoides 
was unable to grow on culture media or in wounded tomatoes at temperatures 
above 95° F. The optimum temperature for growth of the fungus, com¬ 
puted from 6 days’ development, was shown to be 80° F. The x)resent work 
shows that infection of apparently uninjured fruits is obtained over a similar 
wide range. 

Unwounded, ripe tomatoes were inoculated by the method i)i’cviously 
described and placed in moist chambers for two days. During inoculation 
and subsequent storage, fruits were kept at 50, 60, 70, 80, 90, and 100° F. 
At 50° F. lesions developed slowly after approximately twenty days. In¬ 
fection was readily obtained at 60 and 70° F., lesions being xiroduced in 
five to eight days. Most rapid develox)ment of lesions was at 80° F. At 
this temperature they often appeared within three days.. Lesions i)roduced 
at 80° F. and below were similar in appearance to those on field-infected 
fruits. A few lesions developed at 90° F. after approximately seven days. 
These few lesions were very small, sunken, and dry. No lesions developed at 
100° F. 

The time required for the appearance of lesions was not constant for any 
one temperature. The rapidity with which lesions developed was dependent 
not only upon temperature but also upon maturity of the fruits at inocula¬ 
tion. Large green tomatoes could be infected in the manner just described 
but the appearance of the lesions in this case was delayed until after the 
fruits had ripened. 

HISTOLOGICAL STUDIES ON PENETRATION AND INFECTION 

Fungi of the genera Colletotrichum and Gloeosporium characteristically 
enter the host plant by means of penetration tubes which develop below 
appressoria. Simmonds (15) studied in detail the penetration of fungi 
causing the authracnose diseases of banana, papaw, and mango. In these 
cases an extremely fine thread develops from a short peg-like projection 
at the base of the appressorium. The fine thread penetrates the cutin layer 
and broadens in contact with the cellulose wall of an epidermal cell to form 
a well-defined hyphal mass between the cutin layer and the cell wall. 
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Spores of Colletotrichum phomoides germinate readily in droplets of 
water either on tomato fruits or on glass slides. At varying intervals after 
germination the fungus forms appressoria on the hyphae. On tomato fruits 
the appressoria may form on the ends of very short hyphae protruding from 
germinating spores, or they may develop after extensive mycelial growth. 
Commonly more than one appressorium is formed from a single spore. 

Studies of stained sections prepared from inoculated tomatoes sliow that 
a penetration tube grows from the lower side of the appressorium into the 
cuticle (Fig. 1, A, Fig. 2, C, D). This tube is constricted at the point of 
entry into the cuticle and is swollen midway through the cutin layer. A 
nucleus is often evident in the penetration tube soon after the tube grows 
into the cutin layer (Fig. 2, D). Upon contact with the host cell wall the 
tip of the penetration tube enlarges slightly, pushing the host cell wall 
inward and away from the cutin layer. These steps in the penetration of 
the cutin layer have been observed in tomato fruits varying in age from 
fifteen days to red-ripe maturity. 



Fig. 1. Penetration beneath appressoria of the cuticle of a Garden State? tomato (30 
days old, G days after inoculation. A. Penetration tube has grown through the cutin 
layer and is in contact with the epidermal cell wall. B. Fungus hyphae developing from 
a penetration tube. The hyphae have pushed aside the cell wall and arc growing between 
the cell wall and the cutin layer. The cell contents and the walls and contents of adjacent 
cells are strongly'stained with safranin. Photograidis api)rox. 408 x. 

Tri green fruits the growth of the pathogen is limited to the area between 
the cutin layer and cell wall. The cell wall in contact with the penetration 
tube is heavily stained by safranin. The contents of the affected cell often 
take the stain more strongly than the adjacent cells. A small swelling in 
the cell wall usually devedops on the side opposite the fungus. 

In ripe fruits the hyphae, which have penetrated the cuticle either 
recently or at some earlier stage when the fruits were green, continue en¬ 
largement between the cutin layer and the host cell wall (Pig. 2, K). Lat¬ 
eral development from one epidermal cell to another is apparently prevented 
by the cutin deposited between the cells. The wall in contact with the fun¬ 
gus is pushed aside by several swollen hyphae. The fungus slowly dissolves 
the cell wall and the contents are pushed into a small mass at the base which 
stains with safranin (Pig. 1, B). Adjacent cell walls in the hypodermis 
and epidermis also show this characteristic staining in advance of the 
fungus. 


240 


Phytopathology 


[VoL. 38 


From the epidermal cell the fungus grows into the hypodermal layers 
but never laterally into the adjacent epidermal cells. The development is 
both inter- and intracellular. When it is intracellular the contents of the 
cell are pushed aside. The hyphae are swollen, with some constrictions, 
and limited in extent. At this stage there is a certain amount of lateral 
development in the hypodermis. The fungus continues to cause discolora¬ 
tion of cell walls and contents in advance of its development. 



Fig. 2. A. Garden State tomato 28 days old 2 days after inoculation, showing in¬ 
vasion of broken epidermal hair by hyphae. B. Early Baltimore tomato 33 days old, 4 
days after inoculation, showing development of hyphae in epidermal hair and penetration 
beneath appressorium at base of hair. C. Same tomato showing penetration tube growing 
through cutin and swelling in contact with cell wall, D. Garden State tomato 60 days 
old, 6 days after inoculation, showing penetration tube in cutin. E. Same tomato showing 
swollen hyphae developing between cutin and cell wall. Brawn with aid of camera lucida, 
approx. 573 x. 

The hyphae change in form and manner of growth when they enter the 
parenchyma cells below the hypodermal layer. Growth is rapid and more 
extensive than that observed in the epidermis and hypodermis. The hyphae 
ramify in all directions showing both intra- and intercellular development. 
The cell walls and cell contents are penetrated readily and the fungus no 
longer follows the contours of the cell walls. The hyphae are much finer 
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than those in the hypodermal layer and are no loiij^er eonstrieted. The cell 
walls and cell contents are not discolored in response to the fungus. At 
this stage there is a partial collapse of the cells of the hypodermal layer 
and the affected parenchyma cells. As the lesion enlarges the fungus con¬ 
tinues its development in the parenchyma cells and may also develop later¬ 
ally in the hypodermal layer and in the cells of the epidermis. 

It was noted in temporary mounts of the skin of inoculated fruits that 
the fungal hyphae were often associated with the epidermal hairs. The 
fungus penetrated and developed within the cells of some hairs (Fig. 2, A). 
The hyphae were generally tipped with appressoria near the base of the hair. 
On ripe fruits lesions occasionally appear to develop from the base of such 
affected hairs. This penetration and development seems to be essentially the 
same as that described for cutieular penetration. The fungus forms appres¬ 
soria at the base of the hair from which it penetrates to adjacent cells of the 
hypodermal layer (Fig. 2, B). In green fruits the growth of the fungus 
is arrested at the first cell it contacts beneath the hair. It should be empha¬ 
sized that the common method of entry of the pathogen is directly through 
the cuticle, although the epidermal hairs on occasion appear to be infection 
courts. 

Various types of cracks in the cuticle of field-grown tomato fruits have 
been reported by Young (18) and Groth (7). Davidson (5) has suggested 
that these are the primary infection courts for Colletotrichum phomoides. 
In the course of the present studies cracks were rarely observed in the cuticle 
of greenhouse-grown tomatoes. Since the fungus appears to be admirably 
suited for direct penetration of the cuticle, it is unlikely that cutieular 
cracks are important in penetration and infection of the fruits. 

RELATION OF PH CHANGES IN FRUIT TO GROWTH OE PATHOGEN 

One of the striking features of tomato anthracnose is that lesions develop 
only on ripe or ripening fruits. Since the fungus can exist within or be¬ 
neath the cutin layer from the time the fruit is 10 days old until maturity, 
it must be assumed either that there are factors present in green tomatoes 
which inhibit further development of the fungus or that some material 
necessary for fungal growth develops during the ripening process. It has 
been suggested that changes in pH may be a controlling factor. There is 
no evidence that this is the case. 

Nightingale and Ramsey (13), working with tomato anthracnose, con¬ 
cluded that other changes in the fruit during ripening are more important 
than changes in acidity in influencing the development of decay. They 
found that the average pH of the green tomatoes which they studied was 
4.7 and that of ripe tomatoes 6.01. Their conclusions were based on the 
growth of Colletotrichum phomoides on potato-dextrose agar adjusted to 
these two values. 

Hamner and Maynard (10), reviewing the factors influencing the nutri¬ 
tive value of the tomato, reported that figures of various workers on the pH 
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of ripe tomatoes range from 3.8 to 4.61. Hoffman, Krause, and Washburn 
(11) stated that acidity increases steadily during the period of fruit enlarge¬ 
ment, and most rapidly as the fruits approach full size, but decreases during 
the ripening process. They did not report the pll of the fruits at various 
stages of maturity. 

In the present investigation, tomatoes of various ages were macerated 
individually in a Waring Blendor and portions of this material were used 
to determine the pH with a Beckman pH Meter. In some tests certain 
sections of individual fruits were blended with a mortar and pestle and the 
pH determined in a similar manner. 

Tomatoes less than 25 days old have a pH between 4.7 and 5.05. During 
the subsequent development there is a slow decrease in pH which lasts 20 
to 30 days depending on the variety. This is followed by a sharp decrease 
to a point between pH 3.9 and 4.2 just prior to the development of red color 



Fio. 3. The pH of the pericarp and the mucilaginous material surrounding seeds of 
Early Baltimore tomatoes of various ages. 

in the fruits. The pH rises as the red color deepens so that mature tomatoes 
are between pH 4.2 and 4.6. There seemed to be slight consistent variations 
between the two varieties used but in the present work these differences were 
considered too minor to enter into the problem and could not be correlated 
with any differences in the amount of anthracnose. 

Since the histological investigations demonstrated that the anthracnose 
fungus is confined mainly to the outer layers of the green fruits, the pH of 
various sections of Early Baltimore fruits was determined. The pericarp 
of the green and ripe fruits was found to have a consistently higher pH than 
the mucilaginous material around the seeds (Fig. 3). The pH of the peri¬ 
carp drops slowly during the development and maturation of the fruit. On 
the other hand, the mucilaginous material surrounding the seeds shows a 
marked djccrease in pH as the green fruits approach full size. During the 
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change from green to red-ripe the pH of this material rises and approaches 
that of the pericarp. This would indicate that the changes in pH noted 
in the whole fruits during maturation are the result of the changes in the 
interior of the fruits and not in the outer layers. It is in these outer layers 
that the anthracnose fungus remains apparently latent following penetration 
of the cutin layer. The inner walls of the carpels and the placental tissue 
have a pH between the two values presented in figure 3. 

A series of cultural studies was run to determine the growth of Collcto- 
trichum phomoidcfi on media with a wide pll range. The fungus was grown 
on potato-dextrose agar containing 2.5 gm. of K 2 HPO 4 per liter. The pH 
was adjusted to various levels by aseptic addition of 50 per cent citric acid 



Fig. 4. The relation of pll to the growth of Collctotrichuvi phomoidcs on potato- 
dextrose agar. Diameter of colonics after five days at 80° F. 

just before the agar was poured into Petri dishes. While the plates were 
being poured the pH of each medium was determined with a Beckman pH 
Meter. The agar was inoculated with a disc 1 mm. in diameter from the 
edge of a young colony of G. phomoidcs. The cultures were incubated at 
80° F. for five days. The size of the colonies was determined by averaging 
the extreme diameters. 

The pathogen grows well in culture within the extremes of pH found in 
tomato fruits (Pig. 4) and is not markedly inhibited unless tin* pH is lower 
than that found in green or ripe fruits. The range of pH found in the 
pericarp of tomatoes, pH 4.5 to 5.0, appears to be admirably suited to the 
growth of Colletotrichum phomoides. 

It is apparent that the changes in pH which occur in the fruits during 
ripening do not influence directly the development of anthracnose on ripe 




244 


Phytopathology 


[VoL. 3^^ 


tomatoeH. The inoculation studies demonstrated that CoUetotrichum pJtom- 
aides may occasionally penetrate at the style of the very youn«r fruits and 
develop in the interior. In this stylar infection, the pericarp, and in par¬ 
ticular the hypodermis and epidermis, are the last tissues to be invaded by 
the fungus. The inner tissues of the green tomatoes have a pH at which 
minimum development of the fungus would be expected. For this reason 
there must be factors in the pericarp other than pH which inhibit the growth 
of the fungus in green fruits. 

Since the anthracnose fungus is confined to the epidermis and hypodermis 
during the latent stages of infection and no attempt was made to separate 
these tissues from the remainder of the pericarp, it is obvious that the pH 
of the immediate environment of the fungus has not been determined. 

DISCUSSION 

The present studies show that the pathogen causing tomato anthracnose 
is capable of penetrating the cuticle of green as well as ripe tomatoes, 
although lesions are produced only on ripe fruits. Tn green fruits the fun¬ 
gus remains latent until ripening begins. The fungus is able to push be¬ 
tween the cell wall and the cutin layer to a limited extent but tiicre is no 
evidence that it is capable of dissolving or penetrating the wall while the 
fruit is still green. The growth of the fungus in green fruits may be 
restricted by the composition of the cell walls. These cell walls, in addition 
to cellulose, are composed of protopectin which is partially converted to 
})ectin in the ripening process. Simmonds (15) suggested that the lateni 
condition of the banana anthracnose fungus in green fruits may be caused 
by the inability of the fuiigus to attack the protopectin of the cell walls. 
During ripening the protopectin is converted to soluble pectin which tin* 
fungus is presumably able to attack. Le Crone and Haber (12) have shown 
that protopectin is converted to soluble pectin during ripening of tomato 
fruits. 

Sando (14) discussed the process of ripening in the tomato and pointed 
out that the most striking change which occurs is that undergone by the 
carbohydrates. Sugars increase during the maturation of the fruit and 
starches decrease during the same period of time. These changes, however, 
can not be expected to affect drastically a fungus which exhibits very little 
selectivity in regard to the source of carbon in its nutrition. 

The relative amount of moisture is probably the controlling factor in¬ 
fluencing infection under field conditions since the fungus can infect the 
fruits over a wide range of temperatures. The fungus can continue develop¬ 
ment in the ripe fruits over a similar wide temperature range. Therefore, 
if the fruits are infected in the field, little can be done by controlling storage 
temperatures to prevent the development of lesions as the fruits mature. 
Treatment of the harvested fruits with fungicides prior to storage can be 
expected to give little appreciable control of anthracnose since the fungus is- 
latent beneath the cutin layer. 
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Wounds occurring naturally or produced in handling can not be consid¬ 
ered an important factor in the development of this disease. Cultural prac¬ 
tices which reduce wounding or breeding work to minimize cuticular crack¬ 
ing can not be expected to produce reductions in the amount of anthracnose. 
The pathogen penetrates the uninjured cuticle with ease and it is likely that 
this type of infection is responsible for serious outbreaks of the disease. 

Since the fungus is capable of remaining latent in green tomato fruits, 
effective control with fungicides is dependent upon good coverage of each 
fruit throughout the entire period of its development on the vine. Sprays 
and dusts applied at the time the fruits are ripening may give a slight reduc¬ 
tion in the amount of anthracnose but such treatment can not be expected 
to affect the latent infection which may already be present in the fruits. 

summary 

A study was made of some of the factors related to infection of tomatoes 
by the anthracnose fungus, Colletotrichum pkomoides, using greenhouse- 
grown fruits. 

When the pathogen was introduced through wounds in fruits on the vine, 
infection was readily obtained on large green or mature fruits. Infection 
was obtained on unwounded areas of tomato fruits less than 20 days old but 
not through wounds on these fruits. 

Unwounded tomatoes were susceptible to infection from the time the 
fruits were 10 clays old until maturity. The susceptibility to infection 
increased with the age of the fruits. The fungus, in green fruits, remained 
latent until the fruits ripened and produced typical lesions at that time. 

Detached, mature, unwounded tomato fruits were readily infected 
through a wide range of temperatures below 90° P. Lesions were produced 
most rapidly at 80° F. 

Collet otrichum phomoides penetrates the cuticle of the fruit by means 
of a penetration tube which grows from the lower side of the appressorium. 
The infection tube in green fruits swells slightly on contact with the cell 
wall but remains latent between the cell wall and the cutin layer. As the 
fruits ripen the fungus enlarges and produces swollen, inter- and intracellu¬ 
lar hyphae in the hypodermis. Upon contact with the parenchyma cells the 
fungus develops many fine hyphae which grow rapidly through the walls 
and cell contents. Microscopic cracks in the cuticle are not believed to be 
a factor in infection. 

There is no apparent relation between the pH of the fruits during ripen¬ 
ing and the development of lesions. The fungus grows well within the 
ranges of pH found in tomatoes. 

University of Illinois, 

Urbana, Illinois. 
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introduction 

The anthraenose fungus was described on tomato (Lycopcrsicon escu- 
lentum Mill.) by Saccardo (13) in 1878 as Gleosporium phomoidcs. It was 
first noted in the United States in 1891 by Chester (2), who, believing the 
fungus to be distinct from that of Saccardo, since setae w^ere produced in 
the aeervulus, designated it as ColletotricJmni lycopersici. Further investi¬ 
gation, however, revealed that the organism varied widely with regard to 
production of setae, sometimes none being produced. After two years of 
study Chester concluded that the American organism was the same as that 
described by Saccardo and in accord with rules of nomenclature he named 
it Colletotrichum phomoidea (Sacc.) Chester (3). Gueguen (6) observed 
the disease in France in 1892. 

Although anthraenose has been of frequent occurrence on the tomato, 
particularly in the canning region from New Jersey to Missouri, little re¬ 
search has been reported on the life history of the causal organism or upon 
the disease cycle. The purpose of this investigation was to study the method 
of overwintering of the fungus, the source of primary inoculum, the disease 
cycle on foliage and fruits, the host range of the fungus and the influence 
of various factors upon the development of the organism in pure culture. 

THE CAUSAL ORGANISM 

Source and Variahilily of Cultures 

Isolates from 147 naturally infected tomato fruits from Kacine and 
Kenosha, Wisconsin, showed a considerable range of growth characters on 
potato-dextrose agar.- All fell within the characteristics of aeervulus and 
spores described by Chester (3). Some 14 fairly distinct types of cultural 
characteristics were recognized. In most of these, spores were not i)roduced 
abundantly enough to accumulate in conspicuous s])ore masses but all pro¬ 
duced some spores. They appeared to be chiefly of the MC type described 
by Tompkins and Hansen (15) for Gleosporium thumenii (Sacc.) var. 
tulipae Tompkins and Hansen. Isolates also varied in the color of the sub¬ 
strate ; in prostrate or aerial growth of mycelium; and in the number, size, 
and arrangement of the stromata. In general the variability appeared to 
be of the same kind as that reported for Colletotrichum destructivum O’Gara 
by Chilton (4), for C. capsid Syd. by Ramakrishnan (11), and for (?. 
thumenii var. tulipae by Tompkins and Hansen (15). 

Three isolates were selected for use in this study. Their growth on 
potato-dextrose agar is characterized as follows: 

1 The writers are indebted to Eugene Herrling for preparing the illustrations, and 
to John H. Owen for assistance in some of the field work. 

2 200 gm. potato; 20 gm. dextrose; 17 gm. agar; 1000 ml. distilled water. 
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Cpl (Fig. 1), isolated from tomato, produced aerial mycelium and rela¬ 
tively large stromata scattered uniformly" over the surface of the agar. 
Spores were produced sparsely and were similar in size and shape to those 
of Cp5. It was similar to the MC type of Tompkins and Hansen (15). 

Cp4 (Fig. 1) was isolated from naturally infected tomato by W. J. 
Hooker. This isolate w^as distinct from all other strains in that the stromata 
were white in contrast with the black stromata of other isolates. The white 
mycelium was submerged; sporulation was profuse and pink masses of 
spores were conspicuous on the surface of the culture. The spores were 
straight with subacute ends, continuous, and uninucleate and they each con¬ 
tained two or three vacuoles. Measurements of 100 spores from each of five 



Fig. 1. Appearance of isolates Cpl, Cp4, and Cp5 grown on potato-dextrose agar at 
24° C. 


single-spore sub-isolates showed a range of 13.8 to 23x3 to 4.6 fi, with an 
average of 18.0 x 3.9 /i. Setae were sparse and stiff; they were always 
hyaline as compared with the black setae of all other isolates studied. No 
cultural variation was noted in five successive transfers of 50 single spores 
for each transfer. Spore production and cultural characters remained con¬ 
stant through successive mass transfers during five years. Albino strains 
were reported by Caldis and Coons (1) in single-spore cultures of Physalo- 
spora malorum (Berk.) Shear (imperfect stage), Colletotrichum Unde- 
muthianum (S. & M.) Bri. & Cav., Cladosporium fulvum Cke., and Septoria 
apii (B. & C.) Chester. The variants of P. malorum and S. apii soon re¬ 
verted to the parent type; the other two variants retained the albino char¬ 
acter for two years. They all sporulated sparsely, they arose as cultural 
variants and eventually reverted to the parent type; Cp4 was very stable, 
it was secured as an isolate from naturally infected tomato, and it sporulated 
abundantly. 
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Cp5 (Fi^. 1) was derived by five sueeessive siii»:Ie-spure transfers from 
a sector of a strain isolated by W. J. Hooker from naturally infected tomato. 
Sporulation was practically doubled in amount with each successive transfer. 
The profusely sporulating strain was, therefore, of the C type as described 
by Tompkins and Hansen (15). A slif^ht amount of aerial mycelium was 
formed, and relatively small black sclerotia were produced in such abundance 
as to aggregate in a crusty layer on the surface of the agar. The spores 
were uninucleate and were similar in shape and vacuolation to those of 
Cp4. Measurement of 100 spores from each of five single-spore sub-isolates 
showed a range of 15 to 25 x 3 to 5 /a wdth an average of 19.4 x 4.4 [x. 

RELATION OF TEMPERATURE TO (mOWTH 

Isolates Cpl, Cp4, and Cp5 were used. Petri dishes of uniform size 
containing 15 ml. each of potato-dextrose agar were each inoculated at the 
center with a 3-mm. disc cut from the periphery of an actively growinir 



Fia. 2. Relative groAvtli of three isolates after nine days ut various temperatures. 

culture. Three dishes of each isolate were placed in incubators at 4°, 8®, 
12°, 16°, 20°, 24°, 28°, 32°, and 36° C. The plates were wrapped in wax 
I)aper to maintain ecpial moisture conditions. Haily measurements were 
made of two diameters per colony taken at right angles to each other and 
averaged. Three experiments gave similar results. The results at nine 
days from one experiment are reported graphically in figure 2. The MC 
isolate (Cpl) had a slightly lower optimum than the sporulating isolates. 
Staling effects were evident with Cpl at 20° and 24°. When cultures show¬ 
ing no growth at 4° and at 36° were transferred to 24° the normal growth 
rate for the latter temperature resumed. Sectors varying in size and ar¬ 
rangement of stromata and in sporulation appeared at temperatures from 
20° to 32° in Cpl and Cp5. In all strains stromata appeared when the 
diameter of the colony reached about 20 mm. Usually spores were formed 
two to three days after the formation of the stromata. 
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Relation of Temperature to Spore Germination 

Spores from one-week-old cultures of Cp4 and Cp5 were suspended in 
distilled water and adjusted in concentration to 100 to 150 spores per low 
power microscopic field (x350). Drops were placed on water agar plates. 
One hundred spores from each of three plates per temperature were counted. 
Spores of Cp4 did not germinate at 4® and 36° C. up to eight days; those 
of Cp5 all germinated at 4° in 8 days and at 36° in two days. Complete 
or nearly complete germination of spores was reached most promptly with 
Cp4 and most promptly with both at 20° to 32°. In both isolates spores 
usually germinated by a single germ tube forming at one end at 4° to 28° 
and by tubes from both ends at 32° and 36°. 

Relation of Carbon Source 

A modification of Duggar’s solution'* was used as the basic nutrient in 
physiologically clean 125-ml. Erlenmeyer flasks to whieli weighed filter paper 
cones were added as a substrate for fungus growth. The carbon sources 
were: glucose, d-levuloso, lactose, d-xylose, dextrin, inulin, sucrose, soluble 
starch, galactose, glycerine, and ethyl alcohol. Twenty-five ml. of a 10 
per cent solution of the given carbon source was made up to 50.5 ml. with 
the basic nutrient. The initial reaction was approximately 4.5; the final 
reaction was 6 to 7. Each flask was inoculated with 0.15 ml. of a suspension 
of spores of strain Cp5. In another series 1.7 gm. of agar per 100 ml. was 
added to the solution and three Petri dishes per treatment poured with 20 
ml. of the medium per dish. The plates were inoculated with a 3-mm. loop 
of spore suspension. All cultures were incubated at 22° C. Three repli¬ 
cates were made for each treatment. Growth in the licpiid cultures was 
determined after 21 days by filtering off the fungus mat and filter paper, 
drying to a constant weight at 110° C. and subtracting the weight of the 
filter paper from the total weight. Averages of replicates are presented. 
Spore production on the agar cultures was estimated by the appearance of 
spore masses, when visible, or by the amount of spores obtained in drawing 
a water-filled loop across the surface once. Production of setae was esti¬ 
mated by examination of the culture with a binocular. The results are pre¬ 
sented in table 1. 

Glucose, dextrin, and soluble starch were good carbon sources in liquid 
and solid media. Lactose and inulin were better sources on solid than in 
liquid medium. The poorest sources of carbon were d-xylose and ethyl 
alcohol. Best sporulation was with inulin, glucose, sucrose, dextrin, and 
lactose and poorest with d-levulose and soluble starch. No spores occurred 
in d-xylose, ethyl alcohol, and the control. Formation of setae was usually 
correlated with spore production, the exception being ethyl alcohol with 
which there were many setae but no spores. No setae were formed with 
d-:^lose and in the control. 

8 10.0 ml. 0.5 M KNOa; 10 ml. 0.25 M KHaPO^; 5.0 ml. 0.10 M MgS 04 ; 0.5 ml. O.OOIM 
FeClaj OjOOS ml. of a minor element solution consisting of 2.818 gm. IlgBOa, 0.04 gm. 
CuCl,. 2 H 2 O, 0.03 gm. ZnClj, and 0.39 gm. MnCb per liter; made up to 1000 ml. with 
distilled water. 
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TABLE 1 .—delation of carbon source to growth and sporulation of Colletotrichum 
phomoides 


Carljon source 

Weight of 
mat in 
liquid 
culture 

Diameter 
of colony 
on agar 
at 5 days 

Relative order as to 

Sporulation 

Formation of setae 


Gm. 

Mm. 



None . 

0.00 

0.0 

None 

None 

(Ilucose. 

0.96 

50.0 

2 

1 

D-levulose. 

0.80 

31.0 

5 

3 

Lactose. 

0.72 

40.3 

4 

2 

D-xylose. 

0.26 

0.0 

None 

None 

Dextrin. 

0.87 

50.0 

4 

4 

Inulin. 

0.67 

44.3 

1 

1 

Sucrose . .. 

0.82 

39.0 

3 

3 

Soluble starch 

0.90 

32.0 

6 

5 

Galactose 

0.00 




Glycerine 

0.81 




Ethyl alcohol 

0.13 

18.0 

None 

o 

- 

— 

— 




Sjmrnlation on Standard Media 


Cpl, Cp4, and Cp5 were compared on media listed in table 2. The t)est 
sporulation with all three strains occurred in nutrient dextrose which might 
well have been due to accessory substances in the peptone and beef extract. 
Cpl, which sporulated poorly on potato-dextrose agar, produced spores pro¬ 
fusely on this medium. By contrast, all 3 strains sporulated poorly in 
Steinberg’s dibasic medium although setae were abundant in Cp4 and Cp5. 
Elliott’s and Richard’s media, which differ from Steinberg’s in containing 
monobasic phosphate and a different source of nitrogen, supported good 
sporulation in Cp4 and Cp5 but not in Cpl. In Leonian’s and Czapek’s 
media spore production was moderate in Cp4 and Cp5 and sparse in Cpl. 

Relation of Nutrition to Spore Germination * 

Spores from 14-day cultures of Cp4 and Cp5 were suspended in a 1 per 


TABLE 2 .—Comparison of agar media used in study of spore and seta production 


Medium 


Grams per 500 ml. of water of 


Dextrose 

Sucrose MgSO, • 7ILO 

KnjTP04 

Other 

Steinberg's 


2!j.O 0.3 



Dibasic .. . 


0.24 

1.0 NH 4 OH 

0.01 FeCh 

Elliott . 

Nutrient 

25.0 

0.25 

0.68 

0.53 NaaCOa 

0.50 asparagin 

Dextrose . 

5.0 



1.5 beef extract 
5.0 peptone 

riconian. 

6.13 

0.60 

0.60 

3.13 malt extract 

Richards . 


25.0 1.25 

2.5 

5.0 KNOa 

0.01 FeCl* 

Czapek 


0.25 

0.5 

0.005 FeaCSO^)* 
1.0 NaNOg 

0.25 KCl 
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cent dextrose solution, 1 per cent peptone solution, saline solution (0.85 per 
cent sodium chloride), and distilled water at eoneentratioiis of about 200 
spores per low power field. Drops of a given suspension were placed on 
clean glass slides within Petri dishes containing 5 ml. of the medium ab¬ 
sorbed by filter paper. During incubation at 28° C., 100 spores per drop were 
counted at frequent intervals. The averages of six replicates are given in 
table 3. Spores of Cp5 germinated more rapidly than those of Cp4. Most 
rapid germination occurred in peptone, next in dextrose. Cp5 germinated 
nearly as rapidly in distilled water as in dextrose, but Cp4 was retarded 
markedly. Saline solution was decidedly unfavorable. 

TABLE 3 .—Influence of nutrient on germination of conidia of Colletotrichum phomoides 


Percentage germination at hours indicated 


Medium 

Strain ' 

3 

5 

6 

8 

10 

12 

22 

27 

46 

Dextrose 

Cp4 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.3 

27.1 

96.1 


Cp5 

0 

0.4 

0.9 

1.0 

1.3 

1.5 

23.3 

63.2 

90.0 

Peptone 

Cp4 

0 

2.0 

3.5 

6.2 

6.5 

7.6 

28.2 

90.0 

90.0 


Cp5 

0 

2.5 

4.5 

13.5 

23.0 

37.5 

90.0 

90.0 

90.0 

Saline 

Cp4 

0 

0.0 

0.4 

0.5 

0.5 

0.5 

0.5 

0.7 

31.0 


Cp5 

0 

0.0 

0.0 

0.5 

0.8 

0.8 

1.0 

1.5 

19.0 

Distilled 

Cp4 

0 

0.0 

0.0 

0.4 

0.4 

0.4 

0.5 

9.1 

43.0 

water 

(^5 

0 

0.0 

0.0 

0.8 

0.8 

1.2 

29.0 

73.5 

90.0 


Relation of Reaction of Medkm io Oroivth and Sporulation 

Potato-dextrose agar was adjusted to a range of pll values from 2.9 to 
9.9. Plates were poured and inoculated with 3-mm. discs from cultures of 
Cp4 and Cp5 and incubated at 24° C. Growth of both strains was retarded 
decidedly at pH 2.9, there was moderate growth at 3.9, and good growth at 
initial pH values from 4.9 to 9.9. No sporulation occurred at 2.9; most 
abundant sporulation occurred at 3.9; sporulation was slightly less at 4.9 to 
6.9; it decreased rapidly above 6.9 and was rare at 9.9. 

Relation of Host Substrate to Growth^ Sporulation, and Survival 

Since concurrent studies showed that Colletotrichum phomoides is for the 
most part a saprophyte and pathogenic chiefly in connection with fruit 
decay, the relation of host substrate to growth and survival in the soil was 
studied. In previous sections it was shown, moreover, that the carbon and 
nitrogen sources and reaction of the substrate had a bearing on the extent of 
growth and sporulation. Green and ripe fruits, and green and dead stems 
were cut into small pieces and sterilized in pint bottles alone and in various 
combinations with soil and sand. They were inoculated with Cp4 and Cp5, 
incubated at 22° C. for 10 days, and observed. After one month they were 
set out of doors in November at Madison and left until May. During the 
winter period temperatures were below freezing for most of the time in 
December/January, and February. 
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Soil and sand alone were very poor media for growth. Best growth and 
sporiilation occurred on green and ripe fruit tissue and green stem tissue 
alone and when mixed with sand. Poorest development occurred on these 
substrates in soil. Development on dead stems was intermediate whether 
alone or mixed with sand or with soil. 

When the cultures were examined and attempts made to recover the 
fungus after overwintering, quite the opposite results were secured. The 
fungus was recovered from each substrate where soil was incorporated, but 
consistently with sand only when dead stems were used. When the various 
host tissues were used alone, the fungus was recovered only from dead stems 
inoculated with Cp5. The slow initial growth of the fungus in substrate 
mixed with soil appeared to be the best environment wherein the fungus 
was conditioned most favorably for winter survival. 

the disease cycle 

Overwinierina of the Causal Orpanism 

In the autumn of 1943 naturally infected tomato stems were collected 
from the field. They bore black, relatively inconspicuous stromata less than 
0.5 mm. in diameter scattered irregularly over the surface (Fig. 3). Colle- 
iotrichum phomoides was isolated in each of 100 fragments tested. A crop 
of tomatoes was grown on the same field in 1944 and in 1945 with consider¬ 
able damage from anthracnosc. In the spring of 1946 fragments of tomato 
stems were collected; oftentimes they were partially buried by soil. Of 125 
fragments tested. 111 yielded (7. phoruoides. When the stems were washed 
and placed in a moist chamber, setae and spore masses developed readily on 
the stromata. 

An experiment was performed in this field in 1946 to determine whether 
the overwintering fungus or inoculum from an outside source was the more 
important in producing fruit infections later in the season. One thousand 
tomato plants were set out. Twenty-five plants were inoculated at the blos¬ 
som stage by atomizing a spore suspension of the iion-pigmented strain 
(Cp4) on the foliage at dusk. Twenty-five plants were inoculated in the 
same maimer at the green-fruit stage. The non-pigmented strain was used 
to serve as a marker since it had not been obtained in the Madison area and 
all isolates from overwintered debris were darkly pigmented. Anthracnose 
developed after late summer rains in the middle of September. About 10 
per cent of the fruits were infected throughout the field and the percentage 
was not higher on the inoculated tomato plants than on the uninoculated 
ones. Three hundred random isolations, 100 at each collection, were made 
from infected fruit in inoculated as well as uninoculated rows at two five-day 
intervals at the peak of the development of the disease. A pigmented isolate 
was obtained in every case. It was evident, therefore, that inoculum had 
come from overwintering debris and had not spread from artificially inocu¬ 
lated plants. This experiment was repeated in 1947 with identical results. 
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In a second experiment in 1947 a row of tomato plants with maturing 
fruit was inoculated with the non-pigmented strain through incisions in 
stem and ripe fruit. The plants were then covered with burlap for 40 
hours. The non-pigmented strain was not recovered from inoculated stems 
and only from fruits which had been inoculated. Again all natural infec¬ 
tion was from overwintering inoculum. 




Fig. 3. Htromata of CoUetolricImm phomoidcs Hcattorod {iinoii^ fruiting striictunis 
of other fungi on dead tomato Mtenis collected in a naturally infested ti(‘ld late in the 
autumn. 


Seed Infection 

Sterilized seeds were soaked for 24 hours in spore suspensions of Cpl, 
Cp4, and Cp5 and sown in sterilized soil. No infection occurred with Cp4 
and only rarely did plants show infection with Cpl and Cp5. Affected 
plants had small black lesions on the cotyledon, often extending down the 
cotyledon; or one or both cotyledons showed various degrees of collapse 
and chlorosis. The presence of the respective strain was confirmed by isola¬ 
tion. From naturally infected fruits 500 seeds were plated without further 
treatment; seven yielded the anthracnose organism. When 950 seeds from 
the same fruits were treated with 1 per cent sodium hypochlorite for 10 
minutes and plated, none yielded the organism. When 1400 seeds from 
naturally infected fruits were planted in non-infested soil one plant was 
found to become infected. It appears, therefore, that the anthracnose 
organism may be transmitted with seeds from infected fruits. 

Foliage Infection 

Plants were placed in a moist chamber for two days, inoculated with 
Cp4 aijd Cp5, respectively, * and kept in the moist chamber for two days 
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longer. Small brown necrotic spots bordered by clilorotic zones appeared 
on the cotyledons, which turned yellow, shrivelled, and dropped prema¬ 
turely. On leaflets, small necrotic spots surrounded by irregular chlorotic 
areas appeared near the margins. Similar lesions without chlorosis ap¬ 
peared on the stems. In the ordinary greenhouse atmosphere no sporulation 
occurred on the lesions, but when plants were placed in the moist chamber 
for four days setae and spores formed. Lesions on a leaflet are shown in 
figure 4. 



Fig. 4. A. Uninoculated tomato leaflet; B. Leaflet from plant inoculated with Coh 
letotrichum phomoides. Small'necrotic spots from near the margin surrounded by irregu¬ 
lar chlorotic areas. 

Five-week-old Bonny Best tomato plants were placed in a moist chamber 
for 24 hours, inoculated, and returned to the moist chamber. Twenty-four 
plants were removed at 18, 24, 48, 72, and 96 hours, respectively. At each 
interval six plants were placed in greenhouses at 16°, 20°, 24°, and 28° C., 
respectively. The duration of the post-inoculation incubation in the moist 
chamber was important. Only slight development occurred up to 24 hours. 
The number and size of lesions were greater at 48 and 72 hours and still 
greater at 96 hours ^ exposure. The lower leaves and the cotyledons showed 
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the greatest effect. The enlargement of lesions was checked upon removal 
of the plants from the moist chamber and the temperature of the greenhouse 
after removal of plants from the moist chamber had little or no effect upon 
disease development. Control plants sprayed with distilled water showed 
no signs of disease. Plants inoculated and placed in the respective green¬ 
houses without moist-chambel* treatment remained free from symptoms. In 
plants inoculated at four to nine weeks after transplanting there was a 
slightly greater amount of infection on the oldest plants inasmuch as they 
held more old leaves upon which most of the lesions occurred. Leaves con¬ 
taining lesions were incubated in moist chambers for three days at tempera¬ 
tures from 12° to 32° C. Setae and spores formed most abundantly at 28° 
and 32°, nearly as abundantly at 24°, and sparsely at 20°, 16°, and 12°. 
When plants were inoculated and placed in moist chambers at 28° and 16°, 
respectively, lesions appeared in three days at the high temperature and in 
11 days at the low temperature. 

Root Infection 

White quartz sand was infested with (^oUetofnchum phomoides by in- 
corpoi’ation of a pulverized cornmcal-sand mixture which had been steril¬ 
ized and inoculated with the organism 17 days previously. Tomato seed¬ 
lings were transplanted to the sand in crocks and watered with Hoagland’s 
nutrient solution. A sand temperature of 28° C. and an air temperature 
of 24° were maintained for six weeks, when plants were removed and ex- 
aniined. Most plants had small inconspicuous necrotic flecks on the tap 
root and hypocotyl. Some of the lateral roots were rotted off. In general 
the injury, even under conditions favorable to the organism, had little 
retarding effect upon plant growth. 

Fruit Infection 

Forty green and 40 ripe fruits were inoculated with strains (^p4 and 
Cp5. Six inoculations were made on each fruit, three by placing a drop 
of the spore suspension on the uninjured surface, and three by making a 
puncture wound with a sterile needle through a drop of the spore suspen¬ 
sion. The fruits were placed in a moist chamber for 48 hours at about 
22° C. The results of the experiment are given in table 4. In no case did 
infection result from inoculation of the uninjured surface in either green 
or ripe fruits. However, a high percentage of infection by both strains 
resulted in both the green and ripe fruits when inoculations were made 
through wounds. Typical anthracnose lesions were produced by both 
strains on ripe fruits. Green fruits were slightly less susceptible to infec¬ 
tion, and expansion of the lesion, consisting of dark necrotic tissue bordering 
the wound, was much less than in the ripe fruits. 

Penetration of the ripe and green fruits inoculated with strain Cp5 
was studied. On uninjured surfaces of both ripe and green fruits, spores 
germinated well at 24 hours and germ tubes measured 20 to 40 /i. in length. 
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Appressoria formed at the ends of about three-fourths of the germ tubes, 
but no penetration hyphae were evident. No further development was seen 
even after 70 hours. On the injured surfaces of the ripe and green fruits, 
spore germination occurred abundantly after 24 hours, with germ tubes 
growing towards and into the wound. Appressoria formed on about 50 per 
cent of the tubes. A few parenchyma cells bordering tlie wound on green 
fruits were invaded at this time. At the end of 46 hours the wound had a 
sunken appearance. The fungus was more advanced in the parenchyma 
of ripe fruit than green fruit and after 70 hours the lesions on the 
ripe fruits were 2 to 3 cm. in diameter, compared to 3 or 4 mm. on green 
fruits. Penetration from cell to cell of the hypodermis of green and ripe 
fruits was studied in tissues cleared in a solution containing equal parts of 
acetic acid and ethyl alcohol, and stained with cotton blue in lactophenol. 

TABLE 4 .—Infection of wounded and unwounded green and ripe fruits by two 
strains of Colletotrichum phomoides 


Ripe Fruits Green Fruits 

Wounded Unwoundcd 


Inocu- In- Inocu- In- 

lated feeted lated fcctcd 


No. No. No. No. 
120 97 320 0 

320 103 120 0 


Strain 


Cp4 

Cp5 


Wounded 


IJnwounded 


Inocu¬ 

lated 

In¬ 

fected 

Inocu¬ 

lated 

In¬ 

fected 

No. 

No. 

No. 

No. 

120 

317 

120 

0 

120 

116 

320 

0 


The hyphae branched in all directions and penetrated the cell walls readily. 
The protoplasm of uninvaded parenchyma cells appeared to coagulate in 
advance of the pathogen. 

Belated Hosts 

Six-week old tomato, eggplant {Solamim melongena L. var. escvlentum 
Nees.) and pepper {Capsicum annuum L.) plants were placed in covered 
chambers and inoculated by atomizing with a spore suspension of Cp5. Five 
plants were used for each treatment, one plant serving as a control. The 
plants were incubated in a moist chamber at approximately 28® C. At six 
days, tomato plants inoculated with strain Cp5 had many pin-point necrotic 
spots on the cotyledons, which were chlorotic and curled. Primary leaves 
were infected predominantly at the margins, showing necrotic tissue sur¬ 
rounded by chlorotic areas. Eggplant cotyledons, which dropped prema¬ 
turely, were yellowed and had numerous brown necrotic spots. Many dark 
green necrotic areas occurred on the inoculated leaves, and although small 
and unexpanded the area of effective photosynthesis was greatly reduced 
because of their abundance. The leaves yellowed and dropped prematurely. 
A typical diseased plant is shown in figure 5. The cotyledons of the young 
pepper plants did not become yellow or drop prematurely, but had numer¬ 
ous pin-point necrotic lesions consisting of collapsed tissue. The leaves had 
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tiny, brown, necrotic areas at the points wher§ w^ater droplets had persisted. 
Chlorosis did not occur on the pepper leaf to the extent that it had with 
tomato and eggplant leaves. Symptoms on pepper are shown in figure 6. 
Control plants of the three hosts showed no signs of disease. The organism 
was also isolated from naturally infected pepper fruits grown in a tomato 
field near Madison in which the disease occurred on tomato. 



Fig. 5. Left, uninoculated eggplant; right, eggplant iiioeulated with ColUtotrichum 
phomoidett. Necrotic spots, chlorosis, and premature dropping occur on cotyledons and 
leaves. 


DISCUSSION AND SUMMARY 

The tomato anthracnose organism is important as a pathogen onl}^ on 
ripening tomato fruit, but under favorable conditions it will infect the 
foliage, stem, and root on which it causes very inconspicuous symptoms and 
no measurable damage. The fungus grows well as a saprophyte on common 
media and can use a number of simple and complex carbon compounds as 
a source of energy. It tolerates a wide range.of hydroxyl- and hydrogen-ion 
concentration in the medium and sporulation occurs over a slightly narrower 
range. A relatively high temperature (24° to 28° C.) is most favorable 
for sporulation, germination of spores, growth, and infection. In spite of 
a rather wide range of adaptability to conditions in pure culture, the fungus 
dies out rapidly in soil. It is probably not a good soil inhabitant but it sur¬ 
vives winter conditions best as stromata on infected plant debris in intimate 
association with the soil. How long it may remain as a soil invader in asso¬ 
ciation with plant debris has not been determined, but it has been shown to 
infect fruits of pepper, grape^ apple, eggplant, canna, and mango (7, 9), 
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and has been found on wheat and oats in association with root rot (14). 
While the fungus may be transmitted with seed and possibly in association 
with small necrotic lesions on transplants, the chief means of overwintering 
appears to be as stromata on plant debris. The organism is very mildly 
pathogenic on plant parts other than the ripening fruits. This is in accord 
with the report of Younkin and Dimock (17) and contrary to Rolfs (12) who 



Fig. (>. Symptoms produced on pepper inoculated with Colietofrichiim pliomoidcs. 
A, cotyledon; B, young leaf; C, lhature leaf. Chlorotic haloes surround lesions on the 
cotyledon and young leaf, while necrotic flecks occur on the old leaf. 

reported earlier that the fungus caused extensive damage to the foliage. 
Infection of leaves, stems, and roots appears to take place without aid of 
wounds but injury of fruits is necessary before invasion occurs. It is 
assumed that wind-blown particles of soil are the chief cause of microscopic 
wounds on the fruits. When a marker (non-pigmented) strain was inocu¬ 
lated on the foliage and green fruits of plants exposed to natural infection 
from overwintering debris, all of the fruit infection appeared to come from 
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the latter source. This indicates that foliage infection is ordinarily a minor 
source of secondary inoculum. It would also indicate that crop rotation is 
the primary measure of control to be applied and that the success of chemical 
prophylaxis will depend upon how well the fungicide adheres to the fruit 
and protects it from spattering rain bearing soil particles and inoculum. 

The mildly pathogenic property of the fungus, except upon maturing 
storage organs, is parallel with relatively similar situations found in some 
other anthracnose diseases, particularly those of pea (10), citrus (5), onion 
(16), and cucurbits (8). 

University op Wisconsin, 

Madison, Wisconsin. 
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PHYTOPATHOLOOICAL NOTE 


Botryosphaeria ribh, Perfect Stage of the Macrophoma Causing Ripe 
Rot of Muscadine Crapes? —In 1941 Jenkins*^ reported a ripe rot of musca¬ 
dine grapes caused by an undetermined species of Macrophoma. Further 
observation of the disease has resulted in the discovery of the perfect stage 
of this fungus, which is here tentatively referred to Botryosphaeria ribis 
Grossenbacher and Duggar. It might equally as well be placed in B. beren- 
geriana DeNot. or other species of Botryosphaeria. Botryosphaeria is 
obviously in need of intensive study and revision. At present it is impos- 



Fio. 1. Eipe rot of muscadine grapes. A. Howard. B. Lucida. C. Thomas. D. 
Willard. A, B, & C—xl; D—x 1.2. 

sible to determine species limits and the proper application of specific names 
in the genus. 

The ripe rot caused by Botryosphaeria ribis appears when the berries 
reach full size, and it becomes more abundant as they ripen. The first 
symptoms of the disease are circular, flat or slightly sunken ‘‘bird’s eye” 
spots one to four mm. in diameter (Fig. 1). The lesions are dark brown 
with small, tan or buff-colored centers in which a few Macrophoma pycnidia 

1 Paper No. 158, Journal Series, Georgia Experiment Station. 

2 Jenkins, W. A. Diseases of muscadine grapes. In Savage, E. F., et al. Further 
studies with the muscadine grape. Georgia Agr. Exp. Sta. Bui. 217. 1941. 
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are embedded. Usually this is the most severe expression of the disease. 
On the most susceptible varieties, however, a brown soft rot may spread 
over the berry from these lesions. Ultimately the entire berry may be 
rotted (Fig. 1). In later stages of the rot Melanconium fuligineum (Scrib. 
& Viala) Cav. often enters the berries and may be responsible for some of 
the damage. Berries in which the rot spreads drop from the vines. They 
shrivel slightly but do not form mummies. They are finally reduced to dry, 
hollow shells with pycnidia abundant over the entire surface. 

Upon the basis of present evidence this disease appears to be of minor 
importance. Many muscadine varieties are almost immune. The disease is 
most severe on Thomas and, to a lesser degree, on Lucida, Howard, and 
Dulcet. Hunt, the chief commercial variety in Georgia, along with Creek, 
Scuppernong, Irene, and Yuga, is highly resistant. For example, in 1946 
counts of the berries that dropped from two vines of each variety from the 
first of August to harvest time showed that on Hunt the disease was present 
on only 0.39 per cent of the fallen berries and seemed responsible for only 
0.06 per cent of the drop. On Thomas it was present on 25.45 per cent of 
the fallen berries and seemed responsible for 11.31 per cent of the drop. 
Only 12.38 per cent of the total crop dropped from these vines, however, and 
it was estimated that even on Thomas only a 1.40 per cent crop loss could be 
attributed to berry drop resulting from infection with Botryosphaeria ribis. 
Control measures are considered unnecessary. B. ribis, along with Melan- 
conium fuligineum, Aliernaria sj)., Glomcrella sp., Biaporfhc sp., and Pesta- 
lozzia sp. has been isolated also from blighted peduncles of flower clusters 
and berry clusters. On the peduncles it may be a secondary organism. 
Nevertheless, this aspect of the disease must be investigated further before 
a final estimate of its importance can be made. 

Only the MacropJioma pycnidial stage of the fungus has been found on 
diseased berries. The pycnidia were spherical and measured 153-197 fi in 
diameter. The pycnospores were hyaline, unicellular, narrowly elliptical to 
ovoid, and rounded at either end. They measured 14.0-25.2 x 5.6-8.4/x 
(Av. 25 = 19.6 X 6.6 ft). Pycnidia filled with viable pycnospores have been 
found in the spring on berries that had dropped from the vines during the 
preceding season. The fungus, therefore, is capable of surviving the winter 
in the pycnidial stage. Pj^enospores from an over-wintered berr\^ measured 
16.8-24.6 X 5.6-7.8 ft (Av. 25 = 20.9 x 6.4/x). * Isolates of the fungus from 
rotted berries rarely fruited on agar media. Most of them, however, were 
induced to fruit on sterile grape stems partially immersed in water in cul¬ 
ture tubes. Pycnospores formed under these conditions were elliptical to 
fusiform. Variations among measurements of pycnospores produced in cul¬ 
ture by several isolates were as follows: 16.8-21.0x 5.0-7.0 ft (Av. 25 = 
19.0x5.8 ft); 18.2-29.4 X5.0-5.9/X (Av. 25 = 22.1 x 5.5 ft); 19.6-28.0x3.6- 
5.6 ft (Av. 25 = 22.8 x 4.9 ft); 19.6-28.0 x 5.3-9.8 ft (Av. 25 = 23.0 x 7.0 ft). 

, The perfect stage was obtained by inoculating sterile grape stems in cul¬ 
ture tubes with isolates of the fungus and overwintering the inoculated 
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stems out-of-doors. Pycnidia, spermop:onia, and ascocarp initials were pro¬ 
duced in botryose stromata on these stems durinf^ late fall and winter. All 
three stages have been found associated in a single stroma. Although the 
pycnidia on berries were separate, those on the stems were usually grouped 
in stromata and would be referred to Dothiorella. Mature ascocarps were 
produced in the stromata the following spring. They were spherical and 
measured 172-315 /a in diameter. The loeule was filled with a mass of 
pseudoparaphyses and asci. The asci were cylindrical, 8-spored, possessed 
a thick, two-layered wall, and measured 102.4-156.8 x 17.6-24.0 /i. The 
ascospores were hyalhie, unicellular, ovoid to elliptical, and measured 19.6- 
30.8 X 8.4-11.2 /X. (Av. 25 ^ 24.9 x 10.3 /a). Isolates derived from ascospores 
were identical with those obtained from rotted berries bearing the Macro- 
phoma pycnidia. 

The relationship of the Botryosphaeria perfect stage on over-wintered 
stems with the Ma<tro 2 )homa imperfect stage associated with berry rot is 
based on the morphologic connection of the pycnidia and ascocarps on grape 
stems and upon the fact that isolates from both sources are similar in culture. 
Inoculations have been inconclusive because of natural infection of berries 
in the field with both Botryosphaeria ribis and Mehinconium fuUginenm .— 
E. S. LuTTREiiL, Georgia Experiment Station, Experiment, Georgia. 
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Volume II. i~xxii and 538 pp., 82 figs. John Wiley and Sons, New York; 

Chapman and Hall, Ltd., London. 1947. Vol. I, $6.00; Vol. II, $6.50. 

This treatise on fungi will serve, as the authors intended, for both a text book and 
a reference. It will probably fill most of the requirements of the undergraduate student 
and the teacher. It will also be valuable to the research worker, who, through excessive 
specialization, may have been unable to keep up with recent mycological advances. The 
subject matter is attractively presented, is easy to read, and is abundantly illustrated. 
The occasional quip or jest appearing in the text adds zest to the reading. Each chapter 
contains a r^sum^ of the matters just discussed, or a summary of relevant implications. 

Volume I opens with a short chapter concerned with the history of mycology. This 
is followed by an outline of modern isolation and culture methods. Of interest to most 
readers and of great value to the student is a chapter dealing with the principles of 
fungal taxonomy and classification. The remainder of the volume consists of chapters 
individually dealing with Myxomycetes, Phycomycetes, Ascomycetes, Basidiomycetes, and 
Fungi Imperfecti. For each class of fungi, the authors provide a description of its 
distinguishing features supplemented by deserii)tions of the principal orders and families. 
To some the lack of generic keys may seem a fault, but, since attention is drawn to 
detailed monographic studies dealing with individual groups of fungi, this fault is not 
serious. In any case, the inclusion of detailed keys would unnecessarily add to the volume 
and cost of the treatise. 

Volume II, devoted to an account of the various activities of fungi, appears to be 
more suitable for the advanced student of fungi than for the undergraduate. The sub¬ 
ject matter consists of chapters dealing with fungal nutrition, enzymatic action, respira¬ 
tion, biochemistry, and the effects of temperature, radiation, reaction of substrate, and 
association. Detailed accounts are given of spore dissemination and germination, host 
penetration, and physiologic specialization and variation. In other chapters, the authors 
discuss such subjects as mycorrhizac, genetics of fungi, poisonous and edible fungi, medi¬ 
cal mycology, geographic distribution of fungi, mycology in relation to plant pathology, 
soil fungi, fungus-insect relationships, marine fungi, and fossil fungi. Many of these 
subjects are seldom dealt with in other texts and their inclusion adds interest and value 
to the volume. Not to be overlooked is the excellent author and subject index in both 
volumes. 

It is apparently extremely difficult, in a monumental work of this kind, to avoid the 
intrusion of at least some errors and only the principal ones are referred to here. For 
instance, the alternative use of ^^swarmers,’’ “swarm spores“ and “zoospores'^ without 
an indication of synonymy may lead to some confusion of the uninitiated reader. Simi¬ 
larly, the persistent misspelling of the names Christensen and Rodenhiser in both text and 
citations may put difficulties in the way of a student who attempts to locate these authors 
in library indices. The occasional misspelling of other surnames is obviously a typo¬ 
graphical error. The illustrations, though- good, are occasionally placed too far away 
(once 6 pages and once 10 pages away) from the subject discussed in the text. In the 
discourse on the genetics of fungi, an illustration said to show sex segregation in the 
second nuclear division actually illustrates segregation during the third division. Jlfor- 
chella esculenta, initially referred to as a desirable edible fungus, is included, figured, and 
described among notoriously poisonous fungi. A considerable number of lesser errors 
appear, but to the reader they are not misleading and will no doubt be corrected in fur¬ 
ther editions. 

It is problematical whether the average student can afford the price charged for each 
volume. In the light of the intrinsic value of the treatise and the present cost of print¬ 
ing, the price may not be excessive. The cost may be, however, prohibitive to the student, 
especially when his other necessary book expenses are taken into account.— John E. 
Maghacee, Dominion Rust Research Laboratory, Winnipeg, Manitoba, Canada. 
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SPORULATION BY PIRICULARIA ORYZAB^ 

B. W. Henry and A, L. Andeesen2 
(Accepted for publication September 3, 1947) 


INTRODUCTION 

During research on the relation of environmental factors to the develop¬ 
ment of the ‘ ‘ blast disease of rice caused by Piricularia oryzae Cav. (1), 
conidia were needed in quantity for use as inoculum in the various experi¬ 
ments. It was soon evident that sporulation by P. oryzae is a process distinct 
from mycelial growth in many respects. A certain amount of vegetative 
growth is of course prerequisite to the formation of conidia, but did not 
always lead to sporulation. Miller (13) has recently recorded similar find¬ 
ings with other plant pathogenic fungi. Tochinai and Shimamura (19), 
Konishi (8), and Aoki (2), reported physiologic specialization in P. oryzae 
using the degree of sporulation in culture as one characteristic. The present 
paper describes the process of spore formation by P. oryzae, the effects of 
some factors upon sporulation, and the relation of sporulation to macroscopic 
characters. 


MATERIALS AND METHODS 

Subcultures of a strain of Piricularia oryzae furnished by Dr. E. C. 
Tullis,® or of its reisolates obtained by plant passage, were used in all the 
reported experiments. Temperature effects on sporulation were studied with 
the aid of incubators adjusted to ± 0.5° C. The standard substrates used 
were 2 per cent rice-polish agar, and a 1:1 mixture of oats and Hegari 
sorghum seed plus water equal to 1.15 times the dry weight of the mixture. 
The comparison of these with other substrates is discussed later. Culture 
vessels for the whole-seed substrates were of three types. One consisted of 
3 wire-screen trays in an enameled photographic pan 16^ x 9i x 1^ inches, 
with another pan inverted over the top. A i-inch opening was left at one 
end by supporting the top pan on cork stoppers. The trays, each 13^ x 7^ 
inches, were tiered inside the resulting semi-closed chamber by supporting 
the corners of each tray on cork stoppers coated with paraffin. About i inch 
of sterile water was kept in the bottom pan. To forestall contamination by 
air-borne organisms, the substrate samples were sterilized, inoculated, and 
incubated for 3 or 4 days in quart milk bottles plugged with cotton, prior to 
placing them on the trays. The photographic-pan type of vessel was used 

1 Work conducted at Camp Detrick, Frederick, Md., from February, 1944 to Sep¬ 
tember, 1946. 

2 The authors gratefully acknowledge the technical assistance of B. M. Goodloe and 
T. L. Morgan. 

3 Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, Agricultural Research Administration, U. S. Department 
of Agriculture. 
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for some of the initial studies on the different grain substrates and for the 
production of quantities of spore inoculum. It was soon supplanted, how¬ 
ever, by the other types. 

The second type of vessel was a galvanized-iron chamber 18 x 12 x 16 
inches with a sliding panel door and contained ten removable copper-screen 
trays (Pig. 1, A). The entire chamber and aeration attachments (exclusive 
of the manometer) were autoclaved for one hour at 20 pounds steam pres- 



Fio. 1. A. Growth chamber for studying sporulation on whole-seed substrates. B. 
Petri-dish cultures of Piricvlaria orysae on oats-sorghum substrate showing variation in 
macroscopic characters. Cultures b—1 and b—3 produced conidia in abundance; cultures 
a-2 and c-1 were nearly sterile; others were intermediate. 

sure. One 200-gm. or two 100-gm, dry wt. samples of substrate were used 
per tray. As with the photographic-pan type of vessel, the seeded substrate 
was incubated in quart milk bottles prior to placing it on the trays. The 
chamber was supplied with filtered, humidified air at a controlled rate meas- 
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ured by the manometer in the air line. To increase the number of samples 
that could be tested, the chamber was also used as an incubator for Petri-dish 
cultures. Fifteen-gm. dry wt. samples of substrate were sterilized, inocu¬ 
lated, and incubated for 2 to 3 days in 9-cm. Petri dishes. Twelve dishes 
were then placed on each tray, the lids removed, and the incubation period 
completed. It was thus possible to test 120 samples at one time in the cham¬ 
ber. Since four replications were desirable, 30 isolates or 30 substrates could 
be tested simultaneously. This type of vessel was used for studies on the 
different grain substrates, the different isolates of PiriciUaria oryzae, the 
effect of inoculum concentration, and for producing spore inoculum in 
quantity. 


e 



Fig. 2. Flask with apparatus for aseptic production and removal of conidia. A. 
Air filter. B. The 3—1. Fernbach flask. 0. Air trap. a. Air inlet, b. Glass wool. c. 
Absorbent cotton, d. Copper screen, e. Inoculation tube. f. Serum bottle cap. g. Filler 
tube. h. Air outlet and water inlet, j. Suspension e-\it tube. k. Rubber policeman, 
m. Rubber hose connection to facilitate the removal of air trap (C) prior to the introduc¬ 
tion of water through (h) at time of harvest, s. Culture on whole-seed substrate. 

A third type of culture vessel, for studies on whole-seed substrates, e.g., 
rate of aeration, period of incubation, etc., was a large-mouth, 3-1. Fernbach 
flask equipped for forced aeration, for the aseptic introduction of sterile 
water, and for the aseptic removal of the spore suspension (Fig. 2). A 
200-gm. dry wt. sample of substrate was used. The spores were put into 
suspension by shaking the flask in a rotary manner, and the suspension was 
forced out through the ‘‘filler tube” by slight air pressure. For experiments 
in which the spores did not need to be harvested aseptically, only that equip¬ 
ment needed for forced aeration was employed. 

Spore suspensions for seeding all cultures were obtained by adding sterile 
water to 5- to 7-day-old agar cultures in tubes and lightly scraping the sur¬ 
face with a wire loop. Agar media in test tubes were seeded by spreading 
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a 5-inm. loopful of the suspension over the surface of the agar. Whole-seed 
substrates were seeded by aseptically applying a given amount of the suspen¬ 
sion from a hypodermic syringe and distributing it by gently rotating the 
culture vessel. Spore yields and spore density of inocula were determined 
with the aid of a Howard Mold Counting Chamber, modified type’’ (Arthur 
H. Thomas Co., Philadelphia, Pa.). 

THE PROCESS OP SPORE FORMATION 

The sporulation process of Piricularia oryzae was studied in detail on 
water and rice-polish agars using hanging-drop cultures, agar films on micro¬ 
scope slides, and cleared agars in Petri dishes. The conidia were obclavate 
to pyriform, pale olive to colorless, usually 3-cellcd, and approximately 
8-9 X 20-26 microns. They were formed on conidiophores morphologically 
similar to the vegetative hyphae. At first a single conidium formed at the 
apex of a conidiophore (Pig. 3, A). Later a branch grew from the conidio- 



Fio. 3. Diagrammatic sketches of the mctliod of conidium formation by Piricularia 
oryzae. Details are given in the t''xt. 


phore a few microns below the point of attachment of the first spore, and 
another conidium was formed at its apex (Pig. 3, B, C, and D). A second 
branch appeared a few microns below the point of attachment of the second 
spore and the third conidium was formed (Pig. 3, E). This process of sym- 
podial branching continued; as many as 9 conidia were observed on 1 conidio¬ 
phore. General observations of sporulation on individual seeds of oats and 
sorghum, and on host lesions confirmed the detailed studies. These data are 
in general accord with those of Aoki (2), and indicate that the process of 
spore formation by P. oryzae in artificial culture is like that occurring on 
the host. 

FACTORS AFFECTING SPORULATION 

Concentration of Inoculum 

In studying the growth and metabolism of fungi in culture, it is usually 
considered that, within quite wide limits, the concentration of spore inocu¬ 
lum is not a determining factor (11, 15). The incubation period required 
for the production of certain metabolic products by fungi in liquid culture 
has been reportedly shortened by using heavier spore inoculum (5, 22). No 
reported work on the effect of this factor on conidia production has come to 
the authors’ attention. In order to standardize the procedure for further 
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experiments, the effect of inoculum concentration on spore yield was deter¬ 
mined for both the agar and the whole-seed substrates. 

Rice-polish-agar slants were seeded with suspensions having 0.01, 0.05, 
0.1, 0.5, 1.0, 2.0, and 4.0 million spores per ml. Spore yields were determined 
after 7 days’ incubation at 25° C. The inoculum containing 0.01 million 
spores per ml. gave a yield of 14 million spores per tube, and all higher con¬ 
centrations yielded 20 to 24 million spores per tube, excex)t the concentration 
of 2.0 million per ml. which gave 29 million per tube. Further experiments 
failed to show the peak with the 2.0 million per ml. concentration. It was 
concluded that a 5-mm. loopful of a suspension of 0.05 million or more spores 
per ml. was optimum for seeding the agar slants. 

One-hundred-gram units of oats-sorghiim substrate in quart milk bottles 
were each seeded with 5 ml. of inoculum and transferred to the growth 
chamber after 4 days’ incubation at 25° C. The inoculum concentrations 
were 5, 20, 100, 200, and 300 thousand conidia per ml.; the yields, after a 
total of 7 days’ incubation, were 2.5, 6.5, 6.0, 8.0, and 8.0 million spores, 
respectively, per gm. of substrate. Thus the optimum concentration of 
inoculum for this substrate seemed to be 200,000 conidia per ml. Further 
experiments confirmed this optimum and demonstrated that the higher con¬ 
centrations or greater volumes of inoculum were not beneficial. 

The optimum concentrations of inoculum given above for agar and whole- 
seed substrates were used throughout later experiments. 

Substrates 

Piricnlaria oryzae was studied on agar media in quadruplicate series of 
8-ml. lots slanted uniformly in 18 x 150 mm. Pyrex test tubes. The spore 
yields were determined after 5 to 8 days’ incubation at 24° C. Nineteen 
synthetic and 52 nonsynthetic agar media were tested. 

The synthetic media included various sugars as carbon sources, inorganic 
and organic nitrogen sources, magnesium sulphate, potassium phosphate, 
agar, distilled water, and, in some cases, thiamin. There was no appreciable 
growth and no sporulation on any of these agars. The synthetic medium 
reported by Tochinai and Nakano (19) as supporting good growth and 
sporulation by Piricnlaria oryzae failed to support growth of our isolates. 
It was later shown (9) that both thiamin and biotin were required for the 
growth and sporulation of the isolates used in these studies. 

The nonsynthetic agar media were made from many vegetables and 
cereals as well as several commercially prepared materials, e.y., malt extract, 
yeast extract, beef extract, peptone, “ Cerophyll, ’ ’ etc. All the nonsynthetic 
media supported growth of Piricnlaria oryzae to some degree. The require¬ 
ments for sporulation were evidently more exacting. Yeast-extract, peptone, 
and barley-extract agars all gave good vegetative growth but no sporulation. 
Rice-polish, rice-bran, dried-green-rice-tissue, ‘‘Cerophyll,^’ wheat, sorghum, 
oats-sorghum, and Bacto-malt agars gave good vegetative growth and abun¬ 
dant sporulation. It was evident that the luxuriant development of my- 
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celium was not always accompanied by the production of conidia, whereas 
the abundant production of conidia was always accompanied, or preceded, 
by considerable growth of mycelium. Rice-polish and rice-bran agars gave 
in general the highest spore yields, and the former was selected as the active 
ingredient in the stock culture medium. It was originally used at a 3 per 
cent concentration but later trials showed 2 per cent to be as good for sporu- 
lation, so this concentration was adopted. Representative data showing the 
quantity of sporulation by 5 isolates of P. oryzae on 3 nonsynthetic agars are 
presented in table 1. It was evident that the different media had a dissimi¬ 
lar influence on the quantity and stability of sporulation by the various 
isolates. 

TABLE 1.— Sporulation hy 5 isolates of Piricularia oryzae suhcultured at 5-day 
intervals on 3 different agars^^ 


2 per cent rice-polish 20 per cent sorghum 20 per cent oats- 

agar agar sorghum agar 


Subculture Subculture Subculture 



1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

X 

7.7 

10.6 

6.7 

5.6 

9.6 

1.7 

6.5 

4.7 

4.8 

5.1 

1.3 

3.3 

3.5 

4.7 

10.3 

17 

4.2 

6.7 

9.7 

3.2 

1.9 

0.8 

3.4 

3.0 

2.1 

3.7 

2.5 

3.1 

2.0 

1.5 

1.6 

27 

10.1 

11.2 

6.1 

3.1 

1.2 

3.7 

2.9 

1.6 

0.7 

0.3 

3.4 

2.3 

0.4 

0.0 

0.1 

42 

25.7 

7.1 

6.8 

11.0 

18.5 

0.9 

3.8 

5.5 

8.4 

9.9 

4.5 

2.7 

4.5 

2.2 

8.1 

54 

14.8 

7.5 

4.7 

1.3 

0.4 

0.7 

1.9 

1.8 

2.3 

3.9 

1.9 

1.5 

1.5 

0.7 

1.1 


» Data presented in millions of conidia per test tube culture. Each figure represents 
the average of 3 cultures. 

^ Isoljite 1 was a subculture of the original strain. The other 4 isolates were obtained 
by host-passage of isolate 1. 

Sporulation by Piricularia oryzae was studied on several whole-seed sub¬ 
strates in triplicate series of 100-gm. dry wt. samples plus the maximum 
amounts of Avater that would be imbibed during autoclaving. The seeded 
substrates were incubated at room temperature for 4 days in quart milk 
bottles and then transferred to the screen trays in photographic pans for an 
additional 4 days. Wheat, corn, oats, soybeans, cowpeas, and Hegari sor¬ 
ghum seeds were used separately. P. oryzae grew on all these substrates, 
with the most abundant development of mycelium on soybeans and cowpeas. 
The yields in millions of spores per gm. dry wt. of substrate were: wheat, 
0.7; corn, 0.4; oats, 2.4; soybeans, 0.0; cowpeas, O.D; and sorghum, 4.8. As 
with the agar substrates, abundant growth of mycelium did not ensure abun¬ 
dant production of conidia, since the two substrates which gave the most 
mycelial growth, namely, soybeans and cowpeas, yielded no conidia. It Avas 
evident that sorghum seed was the best of the group for the production of 
conidia. This substrate had the disadvantage however that the grains 
clumped together, presumably because of rupture during autoclaving. In 
an attempt to alleviate this difficulty, several materials of possible value as 
nutrient sources or as fillers, were mixed in various proportions Avith sor¬ 
ghum seed. Among these materials, rice hulls, peanut hulls, and the seeds 
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of oats, wheat, or corn aided in preventinj^ the clumping of the sorghum; 
rice hulls and oats gave mixtures with the best physical qualities. The mix¬ 
tures containing peanut hulls, rice hulls, and wheat all gave lower spore 
yields than sorghum alone, while mixtures containing certain proportions 
of oats and of corn gave higher yields than sorghum alone. The following 
are representative yields of the oats and corn mixtures in millions of conidia 
per gm. dry wt. of substrate: sorghum alone, 8.8; oats-sorghum at 6:5, 7.0; 
oats-sorghum at 1:1, 16.0; oats-sorghum at 3: 5, 11.0; corn-sorghum at 6: 5, 
6.0; corn-sorghum at 1:1, 8.2; corn-sorghum at 3: 5, 14.0. The 1:1 mixture 
of oats-sorghum was the best of the grain substrates from the standpoint of 
sporulation and also possessed the desired physical qualities. It was thus 
adopted as the substrate for production of conidia in quantity. 

Aeration of Cultures 

Piricularia oryzae produced eonidia in abundance on suitable agar media 
in test tubes plugged with cotton. When cultured on agar in larger vessels, 
such as Roux flasks, relatively few or no conidia were produced even though 
other conditions were the same; likewise, few conidia were produced when 
the fungus was grown on 200-gm. dry wt. samples of a whole-seed substrate 
in 3-1. Fernbach flasks plugged with cotton, or in other semi-closed vessels. 
Brown (3) has reported ammonia to be a staling product produced by some 
fungi, and Mader (12) reported inhibition of mushroom fructification associ¬ 
ated with a staling of the atmosphere about the cultures. After a few days^ 
incubation, an ammonia-like odor could often be detected about the larger 
cultures of P. oryzae and wet litmus paper held in a culture vessel turned 
blue. These data indicated that there was a staling of the air about the 
cultures.'* A series of experiments on the effect of forced aeration was 
begun. 

The fungus was grown on sorghum seed in 3-1. Fernbach flasks equipped 
for the introduction of measured volumes of sterile, humidified air (Fig. 2). 
The rate of aeration was calculated in cc. of air/min./gm. of substrate. The 
effect on spore yields of rates up to 4.0 cc. are shown graphically in figure 
4, A. It was evident that the rate of aeration had a pronounced effect upon 
sporulation and that the range of 0.0 (flask plugged with solid rubber 
stopper) to 4.0 ce./min./gm. did not go high enough to demonstrate the opti¬ 
mum. Sorghum was again used in one experiment and a 1:1 mixture of 
oats and sorghum was used in another in which higher rates of aeration were 
included. In both experiments, the sporulation curve levelled off at aeration 
rates of 3.3 to 4.0 cc./min./gm., and at about 5.0 cc./min./gm. or above sporu¬ 
lation was decreased. The latter may have resulted from partial drying of 
the substrate by the blast of air. The rate of 4.0 cc./min./gm. was concluded 
to be optimum for the grain substrates in Fernbach flasks. 

4 E. C. TuUis and A. L. Andersen (unpublished data) had previously obtained similar 
results with Piricularia oryzae. 
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Fig. 4. A. The effect of aeration on sporulAtion by Pirioularia oryzae on sorghum- 
seed substrate. B. The effects of temperature and time of incubation on sporulation by 
P, oryzae on rice-polish agar. 
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Moisture Content of Air 

Hemmi and Iinura (7) reported that coiiidia wore produced by Piricu- 
laria oryzae on host-lesions in air maintained at 93 per cent or hij^her relative 
humidity. Andersen, Henry, and Tullis (1) concluded that high relative 
humidity was necessary for the production of conidia on the host. In the 
present studies, observations have shown that the air must be maintained at 
a high moisture content to obtain maximum sporulation on grain substrates. 
In practice, therefore, the air was humidified by bubbling it through sterile 
water. By governing the height of the water column and the size of the air 
bubbles it was possible to maintain the desired humidity without excessive 
condensation of moisture. 

Moisture Content of Substrate 

It was evident early in the course of these studies that high moisture 
content of the whole-seed substrates favored sporulation by Piricularia 
oryzae. It was desirable to incorporate the maximum amount of water that 
could be imbibed by the substrate without excessive bursting of the indi¬ 
vidual kernels. For the preferred oats-sorghum mixture, this amount was 
1.15 times the weight of the dry grain. The two components of the substrate 
imbibed about equal amounts of the added water. If the water was added 
to the grain immediately prior to autoclaving, the result was excessive burst¬ 
ing of the sorghum kernels near the bottom of the layer of substrate with the 
upper part remaining too dry. This difficulty was alleviated by steeping 
the grain in hot water prior to autoclaving it. The desired amount of water 
was taken up by the oats-sorghum mixture in a 2-hour steep in an excess of 
water at 82° C., or in a 4-hour steep at 76° C. A less refined but faster 
method of steeping was to add the amount of water to the grain in individual 
culture vessels, heat the whole in an autoclave for about 15 min. at 107° C. 
and 3 to 5 lb. pressure, and remove and shake it while still hot. Sterilization 
of the substrate was accomplished by autoclaving in the usual manner. The 
latter method of steeping was used for most of the reported studies. 

Time of Incubation 

The effect of time of incubation upon sporulation by one isolate of Piricu¬ 
laria oryzae on rice-polish agar is shown in figure 4, B. Maximum sporu¬ 
lation at the optimum temperature (28° C.) was reached by the 9th day in 
this case. The sigmoid-type curve shows the most rapid sporulation to have 
taken place between 3 and 5 days after seeding, with a diminished rate from 
5 to 9 days. Another isolate of P, oryzae, a comparatively poor sporulator, 
showed the same period of most rapid sporulation, but there was no further 
increase after 5 days. The time required for maximum sporulation may 
thus differ between isolates. 

The time required for maximum sporulation on the oats-sorghum sub¬ 
strate varied with the way in which the cultures were handled. When they 
were incubated in milk bottles prior to being placed in aerated vessels, maxi- 
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mum sporulation was obtained after 4 days in the latter vessel, or a total 
incubation period of 7 to 8 days. Maximum sporulation was reached by the 
6th day in cultures incubated in aerated Pernbach flasks. 

Temperature of Incubation 

The effect of temperature on sporulation by Piricularia oryzae was 
studied by incubating seeded tubes of rice-polish agar in cabinets held at 4° 
steps from 4° to 36° C. The amount of sporulation was determined at inter¬ 
vals up to 15 days (Fig. 4, B). Spores were produced most rapidly and in 
greatest quantity at 28° C. with the maximum yield of 34 million per tube. 
Spore production at 24° C. was not so rapid as at 28° C. but nearly equalled 
the latter after 15 days’ incubation. 

It is probable that the amount of sporulation at 16° and 20° C. would 
have reached the maximum set at 28° C. if the incubation period had been 
extended. There was no growth or sporulation at 4° or 8° C. The organism 
was not killed however, as some tubes removed from these temperatures after 
9 days and incubated for an additional 6 days at 24° C. gave spore yields of 
approximately the same magnitude as the 6-day point on the 24° C. curve. 
There was good growth but little sporulation at 32° C. and slight growth 
but no sporulation at 36° C. The viability of the spores produced at 12° to 
32° C. was unaffected but those produced at 32° C. developed short, knobby, 
abnormal germ tubes. Therefore, the optimum temperature for the produc¬ 
tion of conidia by Piricularia oryzae appeared to be 28° C. as reported by 
Tochinai and Shimamura (20). This temperature is also the optimum for 
mycelial growth as reported by Nisikado (14), and confirmed by Yoshii (23) 
and the present studies. Thus P. oryzae is similar to many other fungi in 
having the same optimum temperature for growth and sporulation (10, 21). 
At 28° C., however, sporulating isolates tended to give rise to white, aspo- 
rogenous forms. Similar results with two species of Magnusia were reported 
by Sweet (18). To reduce this danger, the next lower temperature, 24° C., 
was used routinely for the incubation of all cultures. 

Initial pH of Substrate 

The effect of the initial pH of the substrate on sporulation by Piricularia 
oryzae was studied by incubating cultures on adjusted rice-polish agar at 
24° C. and determining the number of spores produced per tube after 7 days. 
The various pH values were obtained by adding 0.1 N HCl or NaOH to the 
agar samples after autoclaving and in amounts determined from a titration 
curve prepared for rice-polish agar. The actual value of an aliquot sample 
in each case was determined with a Beckman pH meter. A pH range of 3.0 
to 8.8 was used. Growth and sporulation occurred from 4.1 to 8.8 with maxi¬ 
mum sporulation between 4.9 and 7.5. There was no growth on media more 
acid than pH 4.1. Nisikado (14) reported growth of P. oryzae throughout 
the pH range of 5.0 to 10.0. On the basis of these data, the two standard 
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substrates, rice-polish agar, pH 5.8 to 6.2, and 1:1 oats-sorghum substrate, 
pH 6.8, fell naturally within the optimum pH range for sporulation. 

Frequent Subculturing 

Twenty-five mass isolates and 25 single-spore isolates of Piricularia 
oryzae, all progeny of the original strain, were transferred weekly to fresh 
tubes of rice-polish agar for 9 weeks. At the end of selected incubation 
periods, the average spore yield for three tubes of each isolate was deter¬ 
mined. Representative data are given in table 2. The results show a con¬ 
siderable amount of t ariation. The amount of sporulation increased in some 
isolates, decreased in most, and fluctuated in all during the 9-week period. 
The mass isolates and single-spore isolates were alike in this respect. 


TABLE 2.— Sporulation hy representative isolates of Piricularia orysae suhcultured 
weekly for 9 weeks on rice-polish agar& 





Subculture 




1 

2 

3 

5 

7 

9 

42 

10.0 

16.0 

8.3 

8.0 

5.0 

3.6 

42-Ab 

8.0 

11.3 

9.7 

5.8 

5.8 

9.0 

42-Bb 

2.3 

1.1 

1.4 

2.7 

2.9 

1.6 

42-Cb 

7.3 

14.6 

11.6 

8.0 

7.0 

7.2 

42-Db 

2.5 

1.4 

2.7 

4.3 

2.9 

1.2 

42-lc 

7.9 

4.6 

8.8 

5.5 

10.5 

14.0 

42-2C 

11.4 

10.5 

11.6 

2.3 

2.4 

0.7 

42-3C 

8.7 

11.9 

9.5 

6.1 

4.3 

5.6 

42-3-1^ 



10.4 

6.3 

1.8 

0.8 

42-3-2d 



9.7 

7.2 

2.4 

1.3 

42-3-3^^ 



12.8 

8.6 

2.6 

5.3 


Data in millions of coiiidia per test-tube culture. Each figure represents the average 
of 3 cultures. 

b Reisolates obtiuned by host-passage of isolate 42. 

« Single-spore isolates from isolate 42. 

d Single-spore isolates from isolate 42-3. 

Other high-sporulating isolates kept as stock cultures were subcultured 
frequently on rice-polish agar for periods up to 15 months. The amount of 
sporulation fluctuated considerably between subcultures, but the general 
tendency over a long period was always toward decreased sporulation. 
Greene (6) reported a similar tendency in high-sporulating cultures of 
Aspergillus fischeri. 

Storage of Isolates at Low Temperatures 

Transfers of all isolates of Piricularia oryzae tised in these and allied 
research studies were stored in tubes of rice-polish agar at 6° to 8® C. Some 
cultures were untreated and others were covered with a layer of sterile 
mineral oil (16). Cultures stored with or without oil were viable for at 
least 13 months. Fresh transfers of most cultures that were stored under 
oil for 13 months gave higher sporulation than fresh transfers of like cul¬ 
tures that were stored without oil. Cultures better retained their ability to 
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sporulate when stored at 6° to 8° C., with or without oil, than when they 
were frequently subcultured at 24° C. over a like period of time. 

Host Passage of Isolates 

About 100 different isolates of Piricularia oryzae were obtained by plant 
passage of the original strain. The amount of sporulation by subcultures 
of many of these on rice-polish agar was studied. The variation in the 
amount of sporulation between and within these isolates was great (See 
tables 1 and 2). Within a group of isolates obtained from lesions on identi¬ 
cal plants that had been inoculated simultaneously with the same lot of 
inoculum, there appeared some that sporulated more and some that sporu- 
lated less than the isolate used as inoculum. The magnitude of the difference 
varied between groups. Repeated host passage of a particular isolate did 
not seem to lessen the variation in sporulation between or within its reiso¬ 
lates. In spite of the tremendous amount of variation, it has been possible 
to retain the high-sporulating characteristic of isolates of P. oryzae for 3 
years by means of host passage. 

RELATION OF SPORULATION TO MACROSCOPIC CHARACTERS 

The observation of macroscopic characters accompanied the study of 
sporulation by Piricularia oryzae, A so-called normal colony of P. oryzae 
was olive-gray with aerial hyphae to a height of 1 to 3 mm. Most of the high- 
spornlating isolates were of this type, but few were darker with more ap- 
pressed aerial growth. The non-sporulating isolates were touch lighter to 
nearly white, with a 3 to 10 mm. fluffy layer of aerial hyphae. There were 
all gradations between the two extremes. The original strain was of the 
normal, sporulating type, and gave rise to all the other types encountered 
in this study. The non-sporulating types arose in different ways, such as 
incubation at 28° to 32° C., frequent transfer on rice-polish agar, growth 
on peptone, yeast-extract, and barley-extract agars, and on seeds of soybeans 
and cowpeas. There was also the appearance, in some cases, of a non-sporu¬ 
lating patch sector not evidently associated with any of these environmen¬ 
tal conditions. Such sectors may have been mutants. Stevens (17) and 
Christensen (4), working with Helminthosporium sativum P. K. and B., 
reported that pale, poor-sporulating mutants occurred most frequently. 
Figure 1, B, illustrates the macroscopic appearance of some P. oryzae isolates 
on oats-sorghum substrate. 


DISCUSSION 

Sporulation by Piricularia oryzae is a process influenced by several fac¬ 
tors. Given an isolate inherently capable of sporulating, the first requisite 
is a certain amount of vegetative mycelium. Those factors basically neces¬ 
sary for the production of the vegetative thallus might therefore be listed 
as necei^ary for sporulation. Some of these factors, such as pH of the sub¬ 
strate and temperature of incubation, seem to affect sporulation largely as 
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a result of their effects on vegetative growth. The optimum state of such 
factors appears to be about the same for the growth and sporulation proc¬ 
esses. Other required factors, such as the specific substrate, the moisture 
content of the substrate and the adjacent atmosphere, and aeration of the 
culture, may meet the requirements for vegetative growth but be unsuitable 
for sporulation. P^orced aeration, for example, did not seem to be required 
for vegetative growth of P. oryzae under the experimental conditions, but 
was required for sporulation in culture vessels larger than the ordinary test 
tube. Certain substrates, such as whole-seeds of soybeans or cowpeas, sup¬ 
ported luxuriant development of mycelium but no sporulation, thus indi¬ 
cating that nutrients and growth factors in quality and quantity favorable 
for vegetative development may not be favorable for spore development. 
Hence the requirements for sporulation by P. oryzae are more exacting, and 
possibly more numerous, than the requirements for growth. 

SUMMARY 

The process of spore formation by Piricularia oryzae in artificial culture 
was found to be similar to that on the host. 

High-sporulating isolates were usually olive-gray with a 1 to ."1 mm. layer 
of aerial hyphae. The relatively nonsporulating isolates were a lighter color 
to nearly white, with a 3 to 10 mm. layer of aerial hyphae. 

High-sporulating isolates were best retained in that condition by storage 
under mineral oil at 6° to 8° C. 

Of the several agar and whole-seed substrates suitable for spore produc¬ 
tion, the best were 2 per cent rice-polish agar and a 1:1 mixture of oats- 
sorghum, respectively. Spore yields were increased with increased concen¬ 
trations of inoculum up to an optimum range. 

Moisture contents of near saturation for the whole-grain substrates and 
the adjacent atmosphere favored abundant sporulation. 

Forced aeration was necessary for sporulation in culture vessels larger 
than the ordinary test tube. A rate of about 4 cc. of air/min./gm. of oats- 
sorghum substrate was optimum. 

The length of the incubation period required for highest sporulation 
varied with the temperature, the culture vessel, and, to some extent, with the 
isolate. 

The effects of incubation temperatures and pH of the substrate on sporu¬ 
lation appeared to be a result of their effects on growth. The optimum state 
of these factors, 28° C. and pH 4.9 to 7.5, appeared to be about the same for 
growth and sporulation. 

Isolates of the pathogen, obtained by host-passage of the original strain, 
followed in some cases by single-sporing, varied considerably in the quantity 
of spores produced in a given environment. 

Camp Detrick, 

Frederick, Maryland. 
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AN ELECTRON MICROSCOPE STUDY OP TOBACCO MOSAIC 
VIRUS EXTRACTED FROM PULP AND JUICE AFTER 
VARIOUS PERIODS OF INFECTION 

William N. Takahashi and T. E. Eawlins 
(Accepted for publication, December 18, 1947) 

The mode of virus multiplication or increase is among the most interest¬ 
ing problems in pathology. An earlier attempt (2) to gain evidence on this 
process by studying the length of virus particles in juice from leaves infected 
for various periods was described in 1946. Bawden (1) has reported that 
tooacco mosaic virus obtained from finely macerated leaf pulp has shorter 
particles than does virus obtained from juice. In the work described here 
we have tried to get the virus from finely macerated pulp as well as from 
the juice and have avoided the use of ultracentrifugation, chemical treat¬ 
ments, or filtration which may cause aggregation or loss of virus. It was 
hoped that an electron microscope study of combined pulp and juice virus 
obtained at intervals after infection might provide evidence regarding the 
changes that occur in virus particles during multiplication or increase. 

METHODS 

Unfrozen tobacco leaves which had been infected for various periods of 
time were finely ground in a hand operated ground glass homogenizer to try 
to free the virus in both pulp and juice. One gram fresh weight of leaf 
blade was used for each sample. Five cc. of distilled water were added dur¬ 
ing the grinding to produce a liquid suspension of the pulp and juice. This 
mixture had the pH of plant juice, around 5.6. The mixture was then cen¬ 
trifuged at about 2500 r.p.m. for 1 hour to remove the coarser material. The 
supernatant was diluted with distilled water and placed on celloidin mem¬ 
branes for electron microscopy. 


RESULTS 

As in earlier work (2) it was found that the lengths of tobacco mosaic 
particles usually fall into 3 fairly distinct groups. The length distribution 
curves usually show a group of the shortest particles having lengths under 
225 rrifXj a group of medium length particles having lengths between 225 and 
463 m/i,, with a rather high peak around 300 m/i., and a third group composed 
of the longest particles having lengths greater than 463 m/A. In the length 
distribution curves the middle group is usually separated from the other 
groups by distinct valleys indicating that the particles in the shortest and 
longest groups are not simply variants in a normal distribution about the 
middle group. 

The proportion of the particles in each group after various periods of 
infection are shown in table 1. The results indicate that the proportion of 
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the particles in the shortest group becomes greater as multiplication proceeds 
between the fourth and sixteenth day after inoculation of the leaf. The 
proportion in the middle group did not show any distinct change with in¬ 
creasing age of infection. 


TABLE 1. —Proportion of virus particles in each size group when extracted at pH 
5,6 at intervals after infection 

Experiment 

no. 

Age of 
infection 
in days 

No. of 
particles 
measured 

Percentage 
shorter than 
225 mp, 

Percentage 
between 225 
and 463 mp 
long 

Percentage 
longer than 
463 mp 

31 

4 

124 

11 

43 

44 

34 

4 

156 

15 

43 

42 

34 

6 

150 

10 

14 

74 

31 

6 

79 

23 

40 

37 

33 

7 

529 

20 

69 

9 

34 

9 

290 

31 

54 

14 

33 

12 

394 

35 

60 

6 

34 

12 

330 

32 

37 

31 

31 

13 

365 

40 

37 

23 

34 

16 

1022 

65 

30 

5 

31 

20 

234 

45 

38 

17 

33 

20 

709 

44 

51 

5 

34 

20 

722 

60 

32 

7 

The proportion in the long group showed some tendency to decrease after 

the first six days of infection but the results showed considerable variation. 


DISCUSSION 

Perhaps the most interesting result obtained is the apparent increase in 
the proportion of particles in the short group during the process of virus 
multiplication. The combined results of Stanley (5), Spencer (4), and 
Rawlins, Roberts, and Utech (2) have given ample evidence to prove that 
there is a great increase in the number of middle group particles per cell 
during virus multiplication. Since the proportion of short particles appar¬ 
ently increases at the same time it may be concluded that there is also a 
great increase in the number of short group particles per cell during virus 
multiplication. Such a conclusion would be justified as long as there is no 
decrease in the proportion of short group particles during virus multiplica¬ 
tion. The grinding of purified middle group particles from juice with the 
ground glass homogenizer has failed to change the length of the particles or 
to decrease their infectivity. The same result was obtained when the middle 
group virus was mixed with healthy pulp before grinding. These results 
apparently indicate that the increase in the proportion in the short group 
did not result from the action of the homogenizer on middle group particles. 
Since the results of Stanley (5) and Spencer (4) indicate that leaves infec¬ 
ted for 20 days have from 3 to 7 times more middle group particles per cell 
than leaves infected for 7 days it is obvious that changes in‘the proportion 
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of particles in the 3 groups during virus multiplication may be due partly 
or entirely to different rates of increase of the 3 groups rather than to one 
group being derived from another. The results shown in table 1 therefore 
cannot be considered as evidence for or against the short group being de¬ 
rived by the breaking up of particles in one or both of the longer groups. 
Earlier work with juice virus (2) failed to show any distinct increase in 
the proportion of short group particles during virus multiplication. The 
increase shown in table 1 is therefore probably due to an increase in the 
proportion of short particles from pulp virus which was included in our 
samples along with the juice virus. 

There is considerable uncertainty regarding the infectivity of the short 
group particles from pulp. Sigurgeirsson and Stanley (3) have given evi¬ 
dence that an unsedimentable fraction from infective plant juice, consisting 
mainly of short particles, shows little infectivity. They did not study the 
infectivity of the short particles from pulp. Some of our unpublished 
results indicate that about 30 per cent of the local lesions produced by virus 
extracted from pulp alone are produced by short group particles and that the 
other 70 per cent are produced by middle group particles. Other of our 
experiments indicate that all of the infectivity in the pulp virus is due to 
middle group particles. Accordingly more evidence must be obtained 
before conclusions can be reached as to whether all of the short particles 
from pulp are noninfective. 

None of the results shown here or in the literature appears to give a 
satisfactory explanation of the origin of the short group particles or of the 
significance of this group in virus multiplication. 

The mode of formation of the middle group also remains undetermined. 
All of our attempts to produce a distinct middle group by artificial aggre¬ 
gation of short group particles have been unsuccessful. This result ap¬ 
parently constitutes evidence against the middle group particles having been 
formed by the aggregation of short group particles. 

Long group particles, on the other hand, may be readily produced at will 
by ultracentrifuging a mixture of short group and middle group particles 
in distilled water. Extraction of combined pulp and juice virus in phos¬ 
phate buffer at pH 7 instead of distilled water prevents the formation of an 
appreciable number of long group particles. All of this evidence appar¬ 
ently indicates that the long group results by aggregation of middle group 
and short group particles when the pH is around 5.6. This tendency is 
particularly pronounced in juice from leaves which have been infected for 
6 days or less. 


SUMMARY 

When tobacco mosaic virus is extracted from finely macerated pulp and 
juice at the pH of plant juice the proportion of short particles increases 
between the fourth and sixteenth days after infection. The concentration 
of short particles per cell, like that of middle group particles per cell, in- 
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creases during this period. The short particles did not result from fracture 
of middle group particles during maceration. 

Plant Pathology Division, 

University of California, 

Berkeley, California. 
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THE SPECIES VALUE OP PATHOGENICITY IN THE 
GENUS XANTHOMONAS 


C. C. W E R N H A M 1.2 

(Accepted for publication December 3, 1947) 


Elliott (5) has reviewed, from an historical point of view, the important 
changes in the classification and nomenclature of the bacterial plant path¬ 
ogens. The changes brought about have been concerned primarily with 
disposition of the species of the outmoded genus Phytomonas into new or 
older genera emended to include the plant pathogens. For the moment, 
generic characters have been stabilized and White’s (18) simple key for 
the working pathologist should be revised. 

Keys to differentiate species within the genera are not too adequate. 
Burkholder (2) points out two contributing factors: (i) many of the 
species can be separated only on their pathogenicity to certain plants or 
groups of plants, i.e., physiological tests are as yet inadequate and (ii) 
cross inoculations with the hosts of organisms of similar appearance and 
apparent physiological identity have not always been sufficiently complete 
to eliminate synonymy. With respect to these factors Burkholder urges a 
continued search for physiological tests of diagnostic value and points out 
the general areas where cross inoculation investigations might provide 
profitable information (2, p. 134). Stapp (12, p. 409) advocates com¬ 
prehensive comparative studies of the species . . . involving serological 
tests in addition to the usual study of morphological, cultural, and physio¬ 
logical characters.” 

Within the genus Xanthomonas of Dowson (4) numerous cross in¬ 
oculation studies have been conducted. Those data, however, are scat¬ 
tered throughout the literature, but a glance through Elliott’s Manual 
of Bacterial Plant Pathogens shows numerous species of plants suscep¬ 
tible to various organisms, which has been the result of cross inoculation 
work. It is a misfortune, in this instance, that she has not listed those 
plants that were not susceptible when tested. Furthermore, in the trans- 
lucens group, Jones, Johnson, and Reddy (10), Hagborg (9), and Wallin 
(16) have made numerous cross inoculations among the cereals and have 
shown that phytogenic strains of the bacteria exist, not unlike those 
found in the rust fungi. In these inoculations recent isolates were used so 
that loss of pathogenicity of the various cultures could not account for the 
differences in the strains. 

1 The author gratefully acknowledges the kindly and constructive criticisms of Dr, 
W. H. Burkholder throughout the investigation and during the preparation of the manu¬ 
script. 

2 Associate Professor of Plant Pathology, Department of Botany, The Pennsylvania 
State College, State College, Pennsylvania. 
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Progress has been reported too in the field of physiological tests. The 
contributions of Starr and Burkholder (14) and of Starr (13) point 
clearly to the fact that some species at present incorporated in Xantho- 
monas (X. rubrilineans) show few cultural characteristics relative to the 
genus as a whole, whereas others have exacting nutritional requirements, 
which may not be satisfied by synthetic basal media. 

A recent paper by Elrod and Braun (6) presents a study of the genus 
by cross agglutination tests. These authors studied 36 species and sub¬ 
species of Xanthomonas and on the basis of their observations on cross 
agglutination reactions divide the species into five serological groupings as 
follows; 

I. The campestris group comprising X. campestris and X. barhareae, 

II. The vascularum group comprising X. vasculorum, X. vesicatoria 
and variety raphani, X. hederae, X. papavericola, X. incanae, X. 
campestris var. amoraceae, and X, taraxaci. 

III. The phaseoli group comprising X. phaseoli and its variety fuscans, 
X. gera/mi, X. pelcurgonii, and X. nuilvaceamm. 

IV. The translucens group comprising X. transhicens and its races, 
X. begonias, X. cucurbitae, X. juglandis, X. carotae, and X. mac- 
ulafolium-gardeniae. 

V. The pruni group comprising X. pruni, X. corylina, X. phaseoli 
var. sojensis, and X. lespidizae. 

SiK of the species or subspecies could not be placed in any group. The 
authors regard three of these (X. kyacinthi, X. rubrilineans, and X. mani- 
hotis) as doubtful xanthomonads. The remaining three X. gummisudans, 
X. vignicola, and X. holciola) did not show any serological affinity with 
the other organisms under study. 

As a result of their researches Elrod and Braun (6) suggest a reduction 
in the number of species within the genus. 

During the period 1934-36 the writer (17) worked on the taxonomy 
of the ‘‘campestrisgroup of the genus Phytomonas as defined by Burk¬ 
holder (1). This is the present genus Xanthomonas, Cross inoculation 
studies among 16 taxonomically distinct hosts was a phase of the investiga¬ 
tion. Inasmuch as 17 members inclusive of 14 species and 3 subspecies and 
representing 37 isolates (Table 1) are common to the investigations of both 
Elrod and Braun and the writer, the results of the writer have a distinct 
bearing on the problem; and although the results have been referred to in 
the literature (2, p. 134), it seems advisable to present them in greater detail 
in order to compare cross agglutination reactions with pathogenicity data 
for the purpose of determining species within the genus. 

MATERIALS AND METHODS 

Isolates were contributed by many people. Five were isolated by the 
author. For convenience, these are grouped alphabetically by species; the 
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TABLE 1.— Results’^ of cross inoculation experiments with isolates of species of 
Xanthomonas. 


Species of 
Xanthomonas 

Serological Groupb 

1. 

campestris 

I 

2 

corylina 

II 

3. 

cucurhitae 

IV 

4. 

geranii 

III 

5. 

hederae 

II 

6. 

juglandis 

IV 

7. 

malvacearum 

HI 

8. 

papavericola 

II 

9. 

phaseoU 

II 

10. 

phaseoli var. 
fuscans 

II 

11. 

phaseoli var, . 
sojensis 

V 

12. 

pruni 

V 

13. 

ruhrilineans 

VI 

14. 

translucens 

IV 

15. 

translucens 

var. 

undulosum 

IV 

16. 
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serological grouping of Elrod and Braun (6) is indicated by roman numerals. 

(i) Xanthomonas campestris (Pammel) Dowson. Group I. 

1. from cauliflower, Aug., 1929. Dr. W. H. Burkholder, Ithaca, 
New York. 

27. from broccoli, Aug., 1932. Wernham, Ithaca, New York. 
37. an albino strain received from Miss Mary K. Bryan, Wash¬ 
ington, D. C. Sept., 1932. 

57. from cabbage. Sept., 1932. Wernham, Ithaca, New York. 

(ii) X. corylina. Miller et al. Group II. 

78. from English filbert. Dr. P. W. Miller, Corvallis, Oregon. 
Received May 15, 1935. 

(iii) X. cxtcurhitae (Bryan) Dowson. Group IV. 

41. an albino strain received from Miss Mary K. Bryan. Sept., 

1932. 

45. from cucumber, April, 1933. Miss Mary K. Bryan. 

46. from cucumber, April, 1933. Miss Mary K. Bryan. 

(iv) X, geranii (Burkholder) Dowson. Group III. 

80. from Geranium sanguineum, June 4,1935. Dr. W. H. Burk¬ 
holder. 

81. ditto. 

(v) X. hederae (Arnaud) Dowson. Group II. 

16. from Hedera helix collected at Rennes, France, Feb., 1932. 
Dr. W. H. Burkholder. 

(vi) X. juglandis (Pierce) Dowson. Group IV. 

77. from English walnut. Dr. P. W. Miller. Received May 15, 
1935. 

79. from English walnut. 1933. Dr. P. A. Ark, Berkeley, Cal¬ 
ifornia. Received May, 1935. 

82. from English walnut, collected at Ukiah, California by Mr. 
C. E. Scott. May 24, 1935. Wernham. 

(vii) X. malvacearum (E.F.S.) Dowson. Group III. 

64. from cotton, 1931. Miss Mary K. Bryan. Received Nov., 

1933. 

(viii) X. papavericola (Bryan and McWhorter) Dowson. Group II. 

47. from Shirley poppy, 1932. Miss Mary K. Bryan. Received 
April, 1933. 

48. from Oriental poppy, 1931. Miss Mary K. Bryan. Received 
April, 1933. 
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(ix) X. phaseoli (E.F.S.) Dowson. Group II. 

5. from bean pods collected in Switzerland, Oct., 1927. Dr. W. 
H. Burkholder. 

6. from bean seed collected at Clifton Springs, N. Y., 1923. 
Dr. W. H. Burkholder. April, 1930. 

7a. a reisolate of a culture obtained from bean seed by Miss H. 
Nussle, Ithaca, N. Y. Wernham. (Subsequent to inocula¬ 
tion the original culture was lost.) 

(x) X. phas(oli var. fuscans (Burkholder) Starr and Burkholder. 

Group II. 

8. from bean pods collected in Switzerland, Dec., 1924. Dr. W. 
H. Burkholder. 

9. ditto. Oct., 1927. 

(xi) X. phaseoli var. sojensis (Hedges) Starr and Burkholder. Group 

V. 

11. from soybeans. Miss Florence Hedges, Washington, D. C. 
Sent to Dr. W. 11. Burkholder, March, 1930. 

(xii) X. pruni (E.F.S.) Dowson. Group V. 

21. from prune, Aug. 16, 1932. Dr. W. H. Burkholder. 

22. ditto. 

23. isolated by Dr. H. H. Thornberry, Boyce Thompson Institute, 
Yonkers, N. Y. Received Aug., 1932. 

59. from wild cherry collected at Georgetown, N. Y., Aug. 28, 
1933. Wernham. 

(xiii) X. rtibrilineans (Lee et at.) Starr and Burkholder. Group VI. 
63. received Nov., 1933, from Miss Florence Hedges through the 
courtesy of Miss Charlotte Elliott. 

(xiv) X. translucens (Jones et aL) Dowson. Group IV. 

61. from barley, September., 1933. Dr. C. S. Reddy, Ames, Iowa. 

(xv) X. translucens vaf. undulosum (S. J. and R.) Hagborg. Group 

IV. 

62. from wheat. Sept., 1933. Dr. C. S. Reddy. 

83. received from Dr. R. A. Bamberg, University Farm, St. Paul, 
Minnesota, March 27,1936. 

84. ditto. 

(xvi) X. vascularum (Cobb) Dowson. 

12. isolated in 1923 at Bureau of Plant Industry. Received by 
Dr. W. H. Burkholder, March, 1930. 



Phytopathology 


286 


[VoL. 38 


serological grouping of Elrod and Braun (6) is indicated by roman numerals. 

(i) Xanthomonas campestris (Pammel) Dowson. Group I. 

1. from cauliflower, Aug., 1929. Dr. W. H. Burkholder, Ithaca, 
New York. 

27. from broccoli, Aug., 1932. Wernham, Ithaca, New York. 
37. an albino strain received from Miss Mary K. Bryan, Wash¬ 
ington, D. C. Sept., 1932. 

57. from cabbage. Sept., 1932. Wernham, Ithaca, New York. 

(ii) X. corylina. Miller et aL Group II. 

78. from English filbert. Dr. P. W. Miller, Corvallis, Oregon. 
Received May 15,1935. 

(iii) X, ciicurhitae (Bryan) Dowson. Group IV. 

41. an albino strain received from Miss Mary K. Bryan. Sept., 

1932. 

45. from cucumber, April, 1933. Miss Mary K. Bryan. 

46. from cucumber, April, 1933. Miss Mary K. Bryan. 

(iv) X. (jeranii (Burkholder) Dowson. Group III. 

80. from Oeranium sanguineum, June 4,1935. Dr. W. H. Burk¬ 
holder. 

81. ditto. 

(v) X, hederae (Arnaud) Dowson. Group II. 

16. from Hedera helix collected at Rennes, France, Feb., 1932. 
Dr. W. H. Burkholder. 

(vi) X, juglandis (Pierce) Dowson. Group IV. 

77. from English walnut. Dr. P. W. Miller. Received May 15, 
1935. 

79. from English walnut. 1933. Dr. P. A. Ark, Berkeley, Cal¬ 
ifornia. Received May, 1935. 

82. from English walnut, collected at Ukiah, California by Mr. 
C. E. Scott. May 24, 1935. Wernham. 

(vii) X. malvacearum (E.F.S.) Dowson. Group III. 

64. from cotton, 1931. Miss Mary K. Bryan. Received Nov., 

1933. 

(viii) X. papavericola (Bryan and McWhorter) Dowson. Group II. 

47. from Shirley poppy, 1932. Miss Mary K. Bryan. Received 
April,. 1933. 

48. from Oriental poppy, 1931. Miss Mary K. Bryan. Received 
April, 1933. 
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(ix) X. phaseoli (E.P.S.) Dowson. Group II. 

5. from bean pods collected in Switzerland, Oct., 1927. Dr. W. 
H. Burkholder. 

6. from bean seed collected at Clifton Springs, N. Y., 1923. 
Dr. W. H. Burkholder. April, 1930. 

7a. a reisolate of a culture obtained from bean seed by Miss II. 
Nussle, Ithaca, N. Y. Wernham. (Subsequent to inocula¬ 
tion the original culture was lost.) 

(x) X. phascoli var. fnscans (Burkholder) Starr and Burkholder. 

Group II. 

8. from bean pods collected in Switzerland, Dec., 1924. Dr. W. 
H. Burkholder. 

9. ditto. Oct., 1927. 

(xi) X. phaseoli var. sojensis (Hedges) Starr and Burkholder. Group 

V. 

11. from soybeans. Miss Florence Hedges, Washington, D. C. 
Sent to Dr. W. H. Burkholder, March, 1930. 

(xii) X. pruni (B.F.S.) Dowson. Group V. 

21. from prune, Aug. 16, 1932. Dr. W. H. Burkholder. 

22. ditto. 

23. isolated by Dr. H. H. Thornberry, Boyce Thompson Institute, 
Yonkers, N. Y. Received Aug., 1932. 

59. from wild cherry collected at Georgetown, N. Y., Aug. 28, 
1933. Wernham. 

(xiii) X. ruhrilineans (Lee et al.) Starr and Burkholder. Group VI. 
63. received Nov., 1933, from Miss Florence Hedges through the 
courtesy of Miss Charlotte Elliott. 

(xiv) X. iranslucens (Jones et ah) Dowson. Group IV. 

61. from barley, September., 1933. Dr. C. S. Reddy, Ames, Iowa. 

(xv) X. iranslucens var. undulosum (S. J. and R.) Hagborg. Group 

IV. 

62. from wheat. Sept., 1933. Dr. C. S. Reddy. 

83. received from Dr. R. A. Bamberg, University Farm, St. Paul, 
Minnesota, March 27,1936. 

84. ditto. 

(xvi) X. vascularum (Cobb) Dowson. 

12. isolated in 1923 at Bureau of Plant Industry. Received by 
Dr. W. H. Burkholder, March, 1930. 
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49. from sugar cane. Dr. Mel. T. Cooke, Rio Piedras, Porto 
Rico. Received May, 1933. 

(xvii) X. vesicatoria (Doidge) Dowson. Group II. 

13. from tomato fruits, Aug., 1929. Dr. W. H. Burkholder. 

38. received from Miss Mary K. Bryan, Sept., 1932. 

39. an albino strain received from Miss Mary K. Bryan, Sept., 
1932. 

All bacteria used were tested for pathogenicity on their original suscept, 
and those that were non-virulent were discarded. 

Most of the plants used in the inoculation experiments are the hosts on 
which the pathogens were originally described. Of these plants the fol¬ 
lowing were grown from seeds: cabbage, cotton, Shirley poppy, tomato, soy¬ 
bean, common bean, squash, barley, and wheat. Potted plants of English 
ivy and stocks were used. Cuttings of sugar cane were received from 
Louisiana. Six plants each of English walnut and English filbert were 
purchased from a commercial firm. June buds of Elberta peaches were fur¬ 
nished by a nursery. Only one plant of Geranium sanguineum was avail¬ 
able. 

Three methods were used in inoculating plants. Transfers from stock 
cultures were made to Difco nutrient agar slants and incubated for 48 hours 
at 27® C. The bacteria were (a) smeared over the leaf or applied in water 
suspension, and pricked through by means of a sheaf of sterile, insect needles 
or (b) scraped off the slant on the tip of a sterile scalpel and* introduced into 
the vascular system on the scalpel point or (c) atomized or brushed onto 
leaves by means of sterile atomizers or camel ^s hair brushes. 

After inoculation species of small plants were placed in an incubation 
chamber of 85-95 per cent relative humidity for 48 hours. Wherever possi¬ 
ble two series of plants were used, each series at a different time in the inves¬ 
tigation. Each series allowed at least one plant; individual leaves made 
possible many single inoculations. The material of sugar cane, walnuts, 
and filberts was too scarce for more than pathogenicity tests. Cultures 
added to the study after scarce material was discarded were not tested. Of 
all the cross inoculations made, only the results on sugar cane are subject to 
misinterpretation. With this species symptoms were confusing. 

Infection was considered positive only when the bacteria were able to 
establish themselves and cause a progressive disease. Thus injury due to 
needle pricks plus toxic material of the inoculum was considered negative. 

CROSS INOCULATIONS 

A study of the cross inoculation results shows this group of pathogens 
to be remarkably specific in their host reactions (Table 1). This is in 
marked contrast to the results reported by Clara (3) in his study of the 
green fluorescent plant pathogens. Some yellow isolates which were re- 
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ceived as authentic cultures proved to be non-pathogenic in spite of repeated 
attempts to rejuvenate them, and they are not listed here. Of the three 
albino strains included in the study, two were pathogenic, showing that a 
color mutation is not necessarily accompanied by loss of virulence. 

Pathogenicity as a species concept is definitely of value in the species 
studied. With the single exception of the subspecies phaseoli fuscans which 
can be distinguished readily from phaseoli by the soluble brown pigment it 
imparts to the agar, there is no possibility of error in using the host as a 
species determiner. 

Both Xanthomonas vascularum and X. ruirilineans infect sugar cane 
but produce different symptoms. Furthermore, while the former is a true 
species of Xanthomonas, the latter shows few cultural characteristics of the 
genus according to Starr and Burkholder (14). Serologically Elrod and 
Braun also found no relationships. 

The five serological groups of Elrod and Braun show no correlation with 
the pathogenicity of the various species investigated in this article. Fur¬ 
thermore, the species of this genus that hydrolyse or do not hydrolyse starch, 
the few species that are not lipolytic (14), the one species that breaks down 
tyrosine into a melanin (X. phaseoli var. fuscans) and the ‘‘fastidious^’ 
species of Starr (13) while they help in defining the phytogenic species do 
not correlate with the serological grouping. Although it is of interest to 
know the serological relationships in the genus, the plant pathologist will 
insist on a nomenclature to differentiate the phytopathogenic species. 

DISCUSSION 

In order to place the data presented above in proper perspective it 
appears to be necessary to present the cogent reasons for the serological 
study of Elrod and Braun. These authors (6, p. 509) state; 

“Since establishment of the genus, the more than 40 members have 
assumed a more rational place in bacteriological taxonomy but are still little 
understood as a group. It is unfortunate that these organisms . . . , have 
received little study. We have scant knowledge of the relationships between 
the various species and subspecies. Inasmuch as it is the practice of the 
phytopathologist in general to form a new species if a bacterial plant path¬ 
ogen of a recognized genus is isolated from a new host, it is apparent that 
many species could have been duplicated. This practice of basing species 
differentiation almost solely on host of isolation (with the host range almost 
always inadequately investigated) has resulted in a seeming increase in the 
size of the genus, giving rise to the belief among certain workers that all 
the members may not represent true species. 

As an approach to this problem we have undertaken an extensive sero¬ 
logical survey of the group to determine whether the genus could be logically 
classified in this fashion and to ascertain whether antigenic characteristics 
could be correlated with host range.” 

Examination of the references cited by these authors reveals that the 
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literature (4, 8, 9, 13, 14, 16) had been covered with the possible exception 
of Burkholder’s article of 1939 (2). It is difiScult indeed to interpret the 
polemical approach and its reiteration throughout the discussion, had the 
authors been aware of this paper. Nevertheless the data are established 
and it is necessary to evaluate them in the light of cross inoculation results 
presented above and that previously published by others. 

The serological relationships do not correlate with the host range as 
determined by the author, nor do the results of Wallin (16) coincide with 
the groupings of the translucens isolates in which we find X, translucens 
f. sp. hordei in both the ‘‘cucurbitae” and the ‘‘cerealis” subgroups. These 
data are also at variance with the serological findings of Hagborg (9). A 
more recent paper (7) by Elrod and Braun emphasizes these discrepancies. 
In this publication (7, p. 356) the authors state: ‘‘It is felt that the antigenic 
properties of an organism vary independently with the ability to infect 
given host species. ’ ’ 

These findings and statements are in general agreement with those of 
Stevens (15) who carried on similar investigations with the legume nodule¬ 
forming bacteria. Seven species of these bacteria, based on host plant 
infection, were studied. Agglutination differentiated the 55 cultures into 
18 serological groups. Stevens’ results indicated “the impossibility of 
identifying an organism by means of the agglutination test.” 

The writer believes his data, together with those of Hagborg (8), Wallin 
(16), and earlier workers (10) are sufficiently ample to show clearly that 
serological studies, regardless of their potential usefulness, are subordinate 
in value to pathogenicity as species determiners in the genus Xanthomonas at 
the present level of our infoimation. 

The writer believes, in addition, that any technique of species identifi¬ 
cation that is beyond the immediate faculties of the research worker pri¬ 
marily concerned with the species, fails as an implement of usage in any 
system of classification. 


SUMMARY 

1. Cross inoculation studies with 17 members of the genus Xanthomonas 
on 16 taxonomically distinct hosts reveal pathogenicity to be a remarkably 
specific characteristic of these species. 

2. There is an almost complete lack of correlation between pathogenicity 
and the serological grouping of the species as reported by Elrod and Braun 
( 6 ). 

3. The data indicate that, within the genus, pathogenicity is of primary 
consideration as a species determiner, in the light of our present knowledge 
of the group. 

Pennsylvania State College, 

State College, Pennsylvania, 
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A TOXIC METABOLIC PRODUCT OP PUSARIUM OXYSPORUM 
VAR. NICOTIANAB IN RELATION TO A WILTING OP 
TOBACCO PLANTS^ 

Frederick T. Wolt^ and Frederick A. Wolf 
(Accepted for publication January 10, 1948) 

Among the theories attempting to explain the wilting of plants infected 
with vascular parasites of the genus Fusarmm, the toxin theory has been 
supported by most investigations within recent years and has gained most 
wide acceptance. This theory is based primarily upon observations that 
these fungi, when grown upon artificial media, produce toxins capable of 
wilting healthy plants. Organisms for which the production of wilt-induc¬ 
ing toxins have been demonstrated include Fusarium cuhense, causing the 
Panama disease of banana ( 2 , 16), F. solani (5, 21), F, oxysporum from 
potato (1, 9,13, 28), the cotton wilt organism, F. vasinfectum (18, 20, 21, 24, 
25), the pea wilt organism, F. orihoceras var. pisi (17), F, Uni, causing flax 
wilt (12,19), and the tomato wilt organism, F, lycopersici (or P. bulbigenum 
var. lycopersici) (3, 6 - 8 , 10, 11, 14, 19, 22, 23, 26, 27). The literature on 
the wilting problem has been recently summarized by Gottlieb (11) and 
hence will not be considered in detail. 

The toxin theory has been strengtliened by the findings of Wellman (26), 
who reported differences in the toxicity of culture filtrates of mild and viru¬ 
lent strains of Fusarium lycopersici, increased toxin production being asso¬ 
ciated with greater virulence. In P. lycopersici, Gottlieb (10) has provided 
direct evidence in support of the toxin theory by the demonstration of toxins 
within the tracheal systems of wilted plants, this constituting the only in¬ 
stance for any Fusarium disease in which a toxin has been recovered from 
an infected host plant. 

Efforts to identify the chemical compounds concerned in wilting have 
been successful in relatively few cases. The toxic metabolic product of 
various Fusaria has been identified as an aldehyde (16), nitrite (24), an 
amine (12, 18, 25), ammonia (4, 19), and an alcohol (19). Recent studies 
by a group of Swiss investigators have resulted in the isolation and charac¬ 
terization of a polypeptide-like toxin from filtrates of Fusarium lycopersici 
(3, 22, 23). The culture filtrate was treated with Ba(OH )2 to remove sul¬ 
phate and phosphate ions, and evaporated to dryness in vacuo. The residue 
was then dissolved in water and the toxic material was precipitated with 
methanol. Additional procedures resulted in the isolation of a pure crystal¬ 
line substance, lycomarasmin, having the empirical formula C 9 H 15 O 7 N 3 ( 22 ). 
Upon hydrolysis, lycomarasmin was found to yield glycine, aspartic acid, 

X From cooperative researches on tobacco, conducted by the Department of Botany 
and the Department of Chemistry, Duke University, Durham, N. C. 

2 Present address: Department of Biology, Vanderbilt University, Nashville, Tenn. 
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ammonia, and probably pyruvic acid (23). Other studies by this group in¬ 
volve the physiological action of this toxin, which in exceedingly small con¬ 
centrations causes wilting of tomato leaves (3, 7, 8). These workers also 
sought to explain the nature of the mechanisms concerned in wilting and the 
relation of transpiration to the wilting process. 

The present study is concerned with Fusarium oxysporiim var. nicoti- 
anae, originally described by Johnson (15) as the cause of a wilt disease of 
tobacco. A proximate cause of wilting was sought by determining whether 
toxic metabolic products are elaborated by this organism, and, since this 
proved to be the case, efforts were made to learn something of the properties 
of the toxin. 

MATERIALS AND METHODS 

A culture of Fusarium oxyspormn var. nicotianae was obtained from Dr. 
G. B. Lucas of the Tobacco Experiment Station, Oxford, N. C. The fungus 
was grown on a modified Richards’ solution having the following composi¬ 
tion : KNO3,10 gm.; KH2PO4, 5 gm.; MgS 04 , 2.5 gm.; FeCL, trace; glucose, 
34 gm.; and distilled water, to make 1000 ml. Cultures were maintained 
at room temperature in 1-liter Erlenmeyer flasks containing 200 ml. of 
medium. 

Young tobacco plants with 6-8 well-developed leaves were employed to 
assay the culture filtrates. The plants were grown in plant bands and when 
ready for use the roots were washed free of adhering soil particles, and the 
plants were then placed in 10-ml. vials with their roots submerged in the 
solutions to be tested. 

Inasmuch as this study was preliminary in nature, undertaken to estab¬ 
lish the possible existence of a wilt-inducing toxin in the fungal filtrates and 
to learn some of the chemical properties of the toxic material, environmental 
conditions under which the tests were made were not controlled, and the 
results are therefore qualitative or semiquantitative in character. 

RESULTS 

Fusarium oxysporum var. nicotianae grows well on Richards’ solution, 
the mycelium forming a pink mat over the surface of the medium in about 
10 days. The medium gradually becomes discolored owing to the secretion 
of metabolic products by the fungus. 

Preliminary tests of the wilting power of filtrates from cultures of 
different ages disclosed that a growth period of at least one month is required 
before the filtrate has attained maximum toxicity. All subsequent experi¬ 
ments were performed using filtrates of cultures approximately one month 
old. 

Prom 18 to 48 hours are required for the production of symptoms of 
toxicity in plants placed in the filtrates. Development of symptoms begins 
with the lowermost leaf, and progresses upward. The symptoms include a 
drooping and wilting of the leaves and stem tip, multiple small areas of 
necrosis in the laminar tissues, and collapse of vascular elements in the 



294 


Phytopathology 


[VoL. 38 


proximal portions of the leaves. When wilted plants in incipient stages 
were placed in distilled water they failed to recover, indicating that such 
wilting is irreversible in character and must be regarded as pathological 
wilting. 

Control plants placed in noninoculated Richards’ solution were observed 
to become flaccid, a result in agreement with the findings of a number of 
previous investigators. Such plants recovered spontaneously within a few 
hours, however, and invariably recovered when transferred to distilled 
water. Such temporary wilting obviously is due to osmotic phenomena and 
must be differentiated from pathological wilting occurring when fungus 
toxins are present. 

The filtrate was found capable of producing wilt and other associated 
symptoms when diluted 1:10, but not in greater dilution. When the filtrate 
was evaporated to dryness at 100° C., and the residue was redissolved in 
distilled water to restore the original volume, there was no apparent loss 
of toxicity. It may be concluded, therefore, that the toxic material is 
thermostable. 

When the mycelial mat was macerated by grinding with quartz sand in 
a mortar and extracted in distilled water, the extract induced wilting of 
test plants. Further study was not made, however, of toxic substances 
within the mycelium. 

When the filtrate was treated with an equal volume of 0.2NBa(OH)2, 
a copious precipitate containing sulphate, phosphate, and presumably the 
salts of organic acids was formed. Because of its high salt content, and 
consequent possibility of causing wilting through osmotic action, this pre¬ 
cipitate was not tested for toxic activity. The filtrate from the Ba(OH )2 
treatment, however, was evaporated to dryness in vacuo at 50°-60° C. 
Portions of the distillate were collected, and when tested proved completely 
non-toxic. The residue, when redissolvcd in water, appeared to be as toxic 
to test plants as the original filtrate. The toxic material is therefore 
non-volatile. 

The pH of the culture solution, originally 4.6, became increasingly more 
alkaline, reaching 7.8 after growth of the organism for one month. Adjust¬ 
ment of the filtrate to pH 4.6 did not affect the production of toxic symptoms 
and indicates that alkalinity itself is not the cause of wilting. 

After growth of Fusarium oxysporum var. nicotianae for one month, the 
filtrate gave no reaction with Fehling’s solution or Benedict’s solution, indi¬ 
cating that the glucose originally present had completely disappeared. An 
aldehyde does not seem responsible for the toxicity, and a test for ketones 
with Girard’s reagent was likewise negative. 

A test of the filtrate for nitrate with Trommsdorf’s reagent was negative. 
A test for nitrite with sulphanilic acid and alpha-naphthylamine was also 
negative, indicating that nitrite, demonstrated by Rosen (24) to be the 
toxic agent, in filtrates of Fusarium vasinfectum, is not responsible for the 
toxicity of filtrates of F, oxysporum var. nicotianae. 
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The filtrate gave a positive ninhydrin reaction with triketohydrindene 
hydrate, and a very strongly positive reaction for ammonium with Nessler’s 
reagent. In view of the claims of toxicity of ammonium by Luz (19) and 
Elpidina (4), experiments were made to determine whether ammonium ions 
were responsible for toxicity of filtrates of Fusarium oxysporum var. nico- 
tianae. Attempts to perform tests with filtrates treated with Nessler’s 
reagent to remove ammonium failed, owing to toxicity of the Nessler’s re¬ 
agent itself, which induced severe vascular collapse in test plants. After 
the filtrate, which was alkaline in reaction, had been evaporated to dryness 
at 100° C., and the original volume had been restored with distilled water, 
a portion of it was tested with Nessler^s reagent and was found to be nega¬ 
tive, indicating that the ammonia had been completely volatilized. Another 
portion of this solution was found to have retained its toxic properties after 
removal of ammonia. 

Since ammonium was not the toxic constituent, it was thought desirable 
to test for amines, in view of the results of Schaffnit and Liidtke (25) and 
Liidtke and Achmed (18). Determination of amino nitrogen in the filtrate, 
by the method of Van Slyke, gave the low value of 0.04 per cent. Further, 
the residue from the culture filtrate, when evaporated to dryness in vacuo, 
dissolved in a minimal quantity of distilled water, and tested with benzoyl 
chloride, failed to give the reaction characteristic of primary and secondary 
amines. 

The possible protein nature of the toxic material was tested for the 
reason that certain well known bacterial toxins are known to be protein¬ 
aceous. The filtrate gave negative reactions with Millon^s reagent and the 
xanthoproteic test, however. Further, an attempt to precipitate proteins 
from the filtrate by the addition of (NH 4 ) 2 S 04 equivalent to 4.2 M (includ¬ 
ing a correction for solution volume) gave no precipitate in 24 hours at a 
maintained temperature slightly above 0° C. 

In order to test for the presence of lycomarasmin, the procedure of 
Plattner and Clauson-Kaas (22) was followed: After treatment of the filtrate 
with an equal volume of 0 . 2 NBa(OH )2 and filtration, the resulting filtrate 
was evaporated to dryness in vacuo at 50°-60° C., and the residue dissolved 
in the minimal amount of distilled water. The solution was then treated 
with charcoal, filtered, made acid to litmus, cooled in an ice bath to 0° C., 
and 3 volumes of absolute methyl alcohol were added. The material was 
then allowed to rem^iin in a cold room for 24 hours after which the white 
flocculent precipitate was removed by filtration. When tested upon plants 
this precipitate was completely inactive. The aqueous-methyl alcohol filtrate 
was reduced in volume by vacuum distillation and shown to contain the toxic 
factor. The toxin of Fusarium oxysporum var. nicotiana^ is therefore not 
lycomarasmin nor any closely related polypeptide. 

Three residues were prepared as follows: Culture filtrate, untreated, 
was evaporated to dryness in vacuo. To a second portion of culture filtrate 
was added an equal volume of 0.2 NBa(OH )2 to remove sulphate and phos- 
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phate, and after filtration the filtrate was evaporated to dryness in vacuo. 
Similarly, after precipitation with 0.2NBa(OH)2, a third portion of 
filtrate was neutralized and then evaporated to dryness in vacuo. No ap¬ 
parent difference in the toxicity of these three residues was noted. It may 
be observed, however, that the alkaline filtrate yielded a hygroscopic dark 
brown residue, whereas the residue obtained after the addition of Ba(OH )2 
and neutralization was crystalline and possessed only a small amount of 
color. 

Efforts were made to extract the toxic principle from the mixture of 
substances present in these residues through the use of various solvents. 
In these experiments the residue was repeatedly extracted with successive 
small volumes of the chosen solvent, the solvent was then removed by evapo¬ 
ration in vacuo and the soluble and insoluble portions were dissolved in dis¬ 
tilled water and tested upon plants. 

It was found that the toxin is insoluble in ether, and cannot be extracted 
by this solvent from the residue or from the original culture filtrate. Simi¬ 
larly, the toxic principle is insoluble in acetone. Toxic substances could 
be extracted from the residue, however, with methyl alcohol or with ethyl 
alcohol. With methyl alcohol, separation of a factor that induces wilting 
from one that induces necrotic symptoms could be obtained. The methyl 
alcohol-soluble portion produced severe wilting not accompanied by necrosis, 
while the fraction insoluble in methyl alcohol produced marked necrosis but 
only moderate wilting. This would appear to indicate that at least two 
toxic substances are metabolized by Fusarium oxysporum var. nicotianae, 

DISCUSSION 

The production of thermostable, nonvolatile substances toxic to plants 
appears to be a rather common characteristic of the pathogenic species of 
Fusarium, Because Richards^ solution has so frequently been the medium 
chosen to demonstrate the elaboration of toxic materials by Pusaria, one 
wonders whether results obtained with cultures on this medium are really 
applicable to Fusarium diseases as they occur in plants in the field, and 
whether toxins are elaborated when the Pusaria are invading the vascular 
tissues. The demonstration of a toxin within the tissues of an infected plant 
(10) constitutes convincing evidence bearing on this phase of the problem, 
and indicates the need for similar studies with other species of Fusarium, 
The failure of Rosen (24) to obtain toxin, from F, vasinfecium when grown 
in Uschinsky^s solution or in nutrient broth indicated that the formation of 
toxins is conditioned by the composition of the medium. The need for 
studies of the effects of various carbon and nitrogen sources, minerals, and 
accessory growth factors upon toxin formation is apparent. 

Another point, which has been noted by almost all workers, but to which 
apparently far too little significance has been attached, is that a prolonged 
period of growth, of the order of 4r-6 weeks, is required for the formation of 
maximal amounts of toxin in cultures of Pusaria. Luz (19) states that the 
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substances most active in the induction of wilting appear to be related to the 
death of the mycelium. With the single exception of lycomarasmin, the 
toxins of Fusaria are not active in great dilution. One must infer, there¬ 
fore, that they are produced in very small amounts, and must act over con¬ 
siderable periods in order to induce wilting in nature. In support of this 
conclusion, it may be recalled that tobacco plants, presumably invaded soon 
after transplanting in the field, may become almost mature before showing 
symptoms. In this disease, and presumably in other Pusarium diseases as 
well, the disease process must be characterized as chronic rather than acute. 

All too little is known of the chemical nature of the toxins produced by 
Fusaria. The present results, admittedly inadequate, appear to indicate 
considerable similarity in the properties of the toxic materials produced 
by Fusarium oxysporum var. nicotianae with those produced by F. vasin- 
fectum according to the results of Liidtke and Achmed (18), and by F. Uni, 
according to the work of Grossmann (12). 

SUMMARY 

When cultivated in a modified Richards’ solution, Fusarium oxysporum 
var. nicotianae produces material which causes wilting and other symptoms 
of toxicity in tobacco plants. Both the culture filtrate and the fungus 
mycelium have toxic properties. 

The chemistry of the toxic principle remains incompletely known. The 
toxin is thermostable and nonvolatile. Evidence is presented indicating 
that it is insoluble in ether or acetone, partially soluble in methyl alcohol 
and ethyl alcohol, and that it is not a nitrite, an ammonium salt, an aldehyde, 
a ketone, an amine, or a protein, and is not identical with lycomarasmin. 
More than one toxic factor appears to be involved, one of which is primarily 
concerned with wilting and the other with necrosis. 

Duke University, 

Durham, N. C. 
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QUANTITATIVE DETERMINATION OF TETRACHLORO-p> 
BENZOQUINONE ON TREATED SEED 

H. P. Burchfield and G. L. McNewi 
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Simple, reliable methods for measuring the dosage of fungicidal pro¬ 
tectants on seeds are needed both by scientists and practical agriculturists. 
The addition of a prescribed weight of chemical does not assure the desired 
dosage since much of the material may be lost on the treating equipment, 
by dispersion into the air, and by dislodgement in handling. Experience 
has shown that even the laboratory investigator who has rigid control 
over his methods frequently fails to secure complete, uniform coverage. 
An analysis of the treated seed for fungicide content would, therefore, 
contribute materially to the reliability of both the experimental and 
practical use of chemicals. 

Since tctraehloro-para-benzoquinone (Spergon) has been recommended 
for use on pea (5, 6, 9, 10, 12), lima bean (1, 8), corn (5, 7, 9, 11) and 
other seed (2, 13) during the past six years, a quantitative method of 
analysis was considered desirable. This compound r-^acts with basic rea¬ 
gents to form highly colored substitution products. An effort was made 
to take advantage of this in developing a colorimetric method for the 
quantitative determination of tetrachlorobenzoquinone. The results of 
these studies and a new method of analysis are described in this paper. 
Data are presented on the reliability of the method when applied to treated 
seed of maize, peas, lima beans, beet, and spinach. 


DESCRIPTION OF CHEMICAL PROCESSES 

The best known reaction of tetrachlorobenzoquinone with basic materials 
is with aqueous sodium hydroxide to form the red-violet sodium chloranilate 
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(3). Although the color is intense, the reaction is not satisfactory for use 
on treated seed. The hydrolysis of tetrachlorobenzoquinone is slow, and 
the caustic frequently removes natural pigments, particularly from maize 
seed. In order to avoid these difficulties it was necessary to first remove the 
tetrachlorobenzoquinone from the seed by use of a selective solvent. It 

1 The authors are deeply indebted to George E. O 'Brien and H. P. C. Burrell for 
technical assistance in conducting these tests. 
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was found that three or four washings in acetone dissolved all of the 
material. 

A method was developed, and used for some time, in which the acetone 
solution from 5 gm. of seed was made up to about 130 ml., treated with 
50 ml. of 0.05 N sodium hydroxide, made to 250-ml. volume with acetone, 
and the optical density measured with a colorimeter. An intense yellow 
color develops which is proportional to the concentration of tetrachloro- 
benzoquinone. It is reasonable to assume that this yellow compound is an 
intermediate acetone condensation product since tetrachlorobenzoquinone is 
known to react with compounds such as malonic ester (14) and aeetoacetic 
ester (4), that contain labile hydrogen: 



This method is not satisfactory for general use because the yellow color 
is unstable and varies in intensity with slight differences in the quality 
of the acetone. 

It was assumed that the fading was caused by hydrolysis; so studies 
were undertaken to eliminate water from the reaction. This was accom¬ 
plished by substituting anhydrous diethylamine for the sodium hydroxide 
solution. The addition of this reagent immediately produced a yellow- 
green coloration that changed rapidly to an intense yellow. No further 
appreciable change in optical properties occurred during the next 15 min¬ 
utes. The addition of a trace of water, however, caused rapid fading; 
so both the reagents and glassware must be free of moisture. Measure¬ 
ments made with a Beckman spectrophotometer showed that the yellow 
reaction product had an absorption maximum at about 450 mfi (Fig. 1). 

Complete proof is not available on the nature of the reaction between 
tetrachlorobenzoquinone, acetone and diethylamine. The absorption spec¬ 
trum does not agree with that of 2.,5-bis (diethylamino)-3,6-dichloro-p- 
benzoquinone, the normally anticipated reaction product. It closely 
resembles the acetone condensation product described above and probably 
is identical to it. Regardless of the mechanism involved, the reaction 
seemed suitable for photometric analysis and was adapted to the determina¬ 
tion of tetrachlorobenzoquinone. 

MATERIALS AND METHODS 

In order to determine the reliability of the acetone-diethylamine reac¬ 
tion for assaying tetrachlorobenzoquinone, a highly refined sample (M.P. 
290°C), purified by chromatographic adsorption of the impurities on talc, 
was tested at different concentrations. Aliquots of 25, 20, 10, 5, and 2 ml. 
were transferred from a stock solution containing 0.25 gm. per liter to 
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50-ml. volumetric flasks and made up to about 40 ml. with acetone. Five 
ml. of anhydrous diethylamine was added and the mixtures made to volume 
with acetone. After standing for 3 min., the samples were placed in a 
Lumetron colorimeter equipped with matched 1-cm. absorption cells and 



WAVS LSNOTH - MiLLiMiC^ONS 

Fig. 1. Absorption spectrum of the reaction product of tetrachloro-p-benzoquinone 
with diethylamine and acetone. 

a blue filter. The percentages of light transmitted (T) were measured 
against an acetone blank, converted to optical densities (log 100/T) and 
plotted against the concentration of tetrachlorobenzoquinone. A linear 
relationship was found that demonstrates adherence to the Beer-Lainbert 
law. By application of the following formula, the apparent specific extinc¬ 
tion coefficient (K) was calculated to be 17.3. 

100 
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where G equals the concentration of tetrachlorobenzoquinone in grams per 
liter in the final solution on which readings were taken. 

The application of this method to treated seed was relatively simple. 
The amount of seed and the dilutions required were found to vary with the 
type of seed and dosage of fungicide. Preliminary tests indicated that 
the proportions outlined in table 1 were the most satisfactory. Large 

TABLE 1.— Preferred quantity of seed and dilutions used in colorimetric analysis 


Kind of 
seed to be 
analyzed 

Minimum 
amount of 
seed re¬ 
quired 

Initial vol¬ 
ume of 
solution 

Size aliquot for analysis of seed bearing a 

dosage of 

0.03 

per cent 

0.50 

per cent 

0.25 

per cent 

0.12 

per cent* 

0.06 
per cent 


gm. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

Lima bean 

25.0 

250 

2 

5 

10 

25 

25 

Corn . 

5.0 

50 

2 

5 

10 

25 

25 

Peas . 

5.0 

50 

2 

5 

10 

25 

25 

Spinach 

2.5 

25 

2 

5 

10 

25 

25 

Beet . 

2.5 

25 

2 

5 

10 

25 

25 


a Approximately one ounce per bushel of pea or corn seed. 


smooth seed such as those of lima beans gave irregular results unless a 
relatively large sample was used; while small, rough seeds such as those 
of spinach gave consistent results with samples as small as 2.5 grams. 

The following procedures were employed in determining the concentra¬ 
tion of chemical on the treated seed. The seed were weighed to the 
nearest 0.01 gm. on a torsion balance. The tetrachlorobenzoquinone was 
dissolved by three successive washings in acetone (analytical reagent grade) 
and the combined extracts made to the volume recommended in table 1 for 
seed samples of different sizes. The solution was then filtered through a 
fluted No. 5 Whatman paper to remove dust and seed fragments. An 
aliquot whose size depended on the anticipated dosage of tetrachlorobenzo¬ 
quinone (Table 1) was transferred to a volumetric flask and made up to 
about 40 ml. with acetone. Five ml. of diethylamine was added, the mix¬ 
ture made to volume with acetone and after 3 min. was placed in the 
colorimeter. The percentage transmission was measured against an acetone 
blank. 

The dosage of tetrachlorobenzoquinone on the seed was calculated from 
the following equation in which Vo is the initial volume of solution, V 
the volume of the aliquot, T the percentage of light transmitted, W the 
weight of the seed, and K the apparent specific extinction coefficient of 
the reaction product. 


Percentage TCPB * 


5 Vo log — 


KVW 


The applicability of the foregoing method was evaluated extensively on 
seed of hybrid dent com and peas of the variety Perfection. Samples 
of 250 gm. of corn and 200 gm. of peas were weighed out to the nearest 
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0.01 gm. on a torsion balance (120-gm. capacity). These samples were 
placed in quart jars and sufficient chemical added to provide for dosages 
of 0.48, 0.24, 0.12, 0.06, and 0.03 per cent by weight after a nominal loss 
on the walls of the jar. The jars were then rotated on a vertical turntable 
for 30 min. at 28 r.p.m. to distribute the chemical uniformly on the seed. 
The samples were reweighed to determine the amount of fungicide adhering 
to them. Correction was made for any loss or gain in the untreated control, 
presumably due to moisture loss or uptake from the air. 

The weighing of 200 grams or more of seed to detect 0.06 to 0.96 gm. 
of chemical is not so accurate as would be desired, since an error of 0.01 
gm. may appear as 1 to 16 per cent error in dosage, depending upon the 
dosage level under investigation. Three different commercial preparations 
(Spergon, about 98 per cent active; Spergon-DDT-Sl, about 96 per cent 
active; and wettable Spergon, about 48 per cent active) were applied at 
each dosage level to both types of seed. 

Since discrepancies were anticipated in the data on dosages obtained 
by weighing and analysis, a third, independent measurement of dosage 
was sought as a guide and referee. Since the decay of seed in soils 
infested with Pythium sp. and Rhizoctonia sp. is directly affected by the 
dosage of chemical (9), 16 replications of 25 seeds each were sown in 
randomized block arrangement in greenhouse flats filled with naturally 
infested composted soil. The seed was covered to a uniform depth, 
watered heavily, placed in a cabinet at 55° F. for seven days and then 
removed to a greenhouse at 65° to 80° F. Records on emergence were 
taken 10 days later and subjected to analyses of variance. 

experimental results 

Data obtained on the dosage of fungicide on the various samples of 
corn and pea seed by analytical and weighing methods are presented in 
table 2.‘ The results by the two methods are in strikingly close agreement. 
Divergence at the highest dosage ranged from 0 to 8 per cent while at the 
lowest dosage the discrepancies ranged from 0 to 30 per cent of the total 
chemical. This latter figure is little more than would be expected from 
the error inherent in the weighing method. 

The response of seed treated with different dosages to decay fungi was 
very uniform within each series of chemicals and between chemicals when 
allowance is made for differences in the percentages of active ingredient. 
All the analytical data have been corrected to account for the inert diluents 
and conditioning agents present in the formulations. 

The analytical data in table 2 are the means of three separate deter¬ 
minations on 5-gm. samples of seed. The average range of these triplicate 
tests was 5.64 per cent of the total chemical present. The standard devia¬ 
tion for single determinations was 3.3 per cent of the chemical. This 
compares to a standard deviation of 1.3 per cent for the analytical constant 
obtained on a stock solution of the pure chemical. It follows that the 
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errors due to variations in extraction and distribution of chemical on 
the seed must be in the order of 3.05 per cent. Furthermore, it is obvious 
that a method embodying such precision would not lead to diserepancies 

TABLE 2.— Comparative dosage of Spergon on corn and pea seed determined hy 
weighing and colorimetric analysis 


Treatment applied 

Dosage on corn® 

Emergence 
of corn 

Dosage on peas® 

Emergence 
of peas 

Material Desired 

used dosage 

By 

weight 

By 

analysis 

By 

weight 

By 

analysis 

Pet, 

Pet, 

Pet, 

Pet, 

Pet, 

Pet. 

Pet, 

Spergon 0.48 

0.46 

0.461 

86.8 

0.45 

0.455 

91.0 

0.24 

0.26 

0.256 

84.5 

0.22 

0.240 

89.2 

0.12 

0.12 

0.140 

75.5 

0.12 

0.132 

70.2 

0.06 

0.06 

0.071 

68.5 

0.05 

0.058 

58.5 

0.03 

0.04 

0.038 

68.5 

0.04 

0.036 

60.5 

Spergon-DDT 0.48 

0.47 

0.502 

83.0 

0.44 

0.486 

86.2 

0.24 

0.26 

0.279 

77.0 

0.21 

0.234 

83.8 

0.12 

0.12 

0.135 

74.3 

0.12 

0.134 

80.5 

0.06 

0.06 

0.071 

67.8 

0.05 

0.061 

61.8 

0.03 

0.03 

0.037 

61.5 

0.04 

0.038 

54.8 

Spergon-Wettable 0.48 

0.48 

0.445 

79.3 

0.44 

0.412 

84.2 

0.24 

0.26 

0.238 

74.0 

0.22 

0.215 

76.2 

0.12 

0.12 

0.115 

66.3 

0.12 

0.117 

66.2 

0.06 

0.06 

0.060 

58.8 

0.05 

0.056 

47.5 

0.03 

0.03 

0.028 

48.5 

0.03 

0.029 

51.2 

None . 

0.00 

0.000 

15.8 

0.00 

0.000 

37.5 

None . ... 

0.00 

Q.OOO 

16.0 

0.00 

0.000 

35.8 

None . 

0.00 

0.000 

18.0 

0.00 

0.000 

34.2 

Minimum Sign. Diff. at 5 per 

cent . 


... 6.4 



. 7.9 

Minimum Sign. Diff. at 1 per cent 


. ... 8.4 



. . 10.5 


»Dosages determined by analytical method corrected for percentage of active in¬ 
gredients based on triplicate analyses. 

as large as those between the results of weighing and analyses given in 
table 2. The deviations are primarily attributable to errors in the weigh¬ 
ing of large samples of seed to 0.01 gm. 

The practicability of the colorimetric method was tested to a more 
limited extent on seed of lima beans (var. Fordhook), spinach (var. Heavy 
Pack), and beets (var. Asgrow Canner). Seed were treated at the rate 
ordinarily used and the dosage determined by reweighing. The colorimet- 

TABLE 3.— Results of analysis of Spergon on h'eet, lima bean, and spinach seed 


Type of seed treated 

Desired dosage 
of Spergon 

Calculated dosage 

By weighing 

By analysis® 


Per cent 

Per cent 

Per cent 

Lima beans. 

0.22 

0.22 

0.21 

Spinach . 

0.50 

0.51 

0.50 

Beet . 

1.00 

0.95 

0.92 


• Average of three analyses, corrected for percentage of active ingredient. 
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ric analyses were conducted as described for corn and peas except that the 
size of samples was varied, as indicated in table 1, and a minor correction 
was necessary for pigments extracted from beets. This was made by 
extracting untreated seed in acetone and measuring the absorption of the 
solution in the presence of diethylamine. The data presented in table 3 
show that the analytical method was applicable to these seed. 

DISCUSSION 

Although the method described in this paper is convenient and reliable, 
certain precautions must be observed in its use. For most purposes, sat¬ 
isfactory residts can be obtained from duplicate samples. In the tests 
under discussion 10 to 20 seed (5 gm.) of either peas or corn were repre¬ 
sentative of the entire population. It is entirely possible, however, that 
larger samples may be required for poorly treated seed where the chemical 
is not so uniformly distributed. If larger samples are used a proportional 
increase in the amount of acetone will be necessary. 

In adapting this method to commercial use where a minimum of cal¬ 
culations may be preferred, the following procedure can be substituted. 
A carefully weighed sample of the commercial product to be applied to 
the seed should be dissolved in acetone and diluted to a range of concentra¬ 
tions. These samples are used for standardizing the a\ailable equipment. 
The readings obtained from colorimeters that record data in optical 
densities can be plotted on rectangular graph paper against the known 
concentrations of chemical and the best straight line drawn through these 
points. Data from instruments recording percentage of light trans¬ 
mitted must be plotted on' semi-logarithmic paper in order to obtain a 
straight line. Readings from unknown samples can be quickly transcribed 
to milligrams of chemical directly from these graphs. 

SUMMARY 

A simple colorimetric method of analyzing seed for tetrachloro-para- 
benzoquinone has proved exceptionally reliable on pea, corn, lima bean, 
spinach, and beet seed treated at various dosage levels over a range of 
one-fourth to four times the recommended concentration. The method 
consists of washing the chemical from the seed with acetone, adding 
diethylamine, and measuring the amount of light absorbed by the yellow 
reaction product that is formed. The optical density is directly propor¬ 
tional to the amount of tetrachloro-para-benzoquinone dissolved from the 
seed. 

The Agricultural Chemicals Research Laboratory 
Naugatuck Chemical Division, U. S. Rubber Company 
Bethany 15, Connecticut 
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PHYTOPATHOLOGICAL NOTES 


A Valsa Associated with Cytospora Canker of Spruces} —A canker 
disease of spruces was described by Gil^ut and Boyd^ in 1933. The causal 
fungus was identified tentatively by Dr. L. E. Wehmeyer,^ as Cytospora 
Kunzei Sacc. No perfect stage of the fungus was observed on spruce. 

Recently a species of Valsa was found associated with cankers on Colo¬ 
rado blue spruce (Picea pungens Engelm. var. glauca Beissm.), and Norway 
spruce {Picea ahies [L.] Karst.). The writer believed the fungus to be 
Valsa Kunzei Fr., the perfect stage of Cytospora Kunzei Sacc., which has 
been reported as the cause of the spruce canker disease. A specimen was 
sent to Dr. L. E. Wehmeyer at the University of Michigan who stated that 
the fungus is the Leueostoma type of Valsa, which he has called Valsa 
Kunzei Pr. 

The perithecial stromata of Valsa Kunzei which occur on cankered spruce 
branches are fairly widely scattered, rarely confluent, often interspersed 
with pycnidial stromata. They are seated in the cortex, are circular to 
fusoid, pustulate, erumpent, greyish-black, and measure 1.5-2.5 mm. in diam¬ 
eter. The ectostroma is truncate conical, and is surmounted by a greyish 
disc which is 0.5-.75 mm. in diameter and bears numerous black ostioles. 

The peritheeia, 7-20 in number, are seated closely together in the ento- 
stroma. They are globose, leathery, yellowish to black, with long converg¬ 
ing necks. Exclusive of the necks the peritheeia measure 431-631 x 447- 
616 ft. The necks measure 92-169 x 616-1032 ft, and are lined with delicate 
hyphae. Paraphyses are lacking. 

The asci are numerous, broad-clavate, sessile or subsessile, hyaline, eight 
spored, and measure 5-7 x 20-30 ft. 

The ascospores are biseriate or bunched in the ascus, allantoid, hyaline, 
and measure 2.5 x 5-7 ft. 

Upon germination on potato-dextrose agar the spores increase to an 
average size of 12 x 16.5 ft. They become nearly oval, oblong, or sometimes 
dumbbell-shaped. Two or more oil droplets are usually visible. Germ tubes 
are formed at both ends of most spores; less frequently one or three tubes 
are formed. The hyphae are hyaline and septated at unequal intervals. 
Irregular branching of the hyphae begins 18-24 hours after germ-tube 
formation. 

Single-ascus and single-ascospore cultures on potato-dextrose agar and 
spruce-decoction agar were compared with pycnospore cultures of the 
Cytospora which causes the spruce canker disease. The ascospores and the 

1 Part of a thesis submitted in partial fulfillment of the requirements for the Degree 
of Master of Science at the University of Massachusetts. The invrstigations, directed 
by Professor A. Vincent Osmun, were conducted under a grant for research in the Depart¬ 
ment of Botany from the P. A. Bartlett Tree E3q)ert Company, Stamford, Connecticut. 
Published as Contribution No. 646 of the Massachusetts Agricultural Experiment Station. 

2 Gilgut, C. J., and O. C. Boyd. Cytospora canker of Picea spp. Phytopath. 23; 11. 
1933. 

8 Gilgut, C. J. Cytospora canker of spruces. Proc. Natl. Shade Tree Conf. 12: 
113-118. 1936. 
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pycnospores both gave rise to a dull white or cream-colored, appressed 
mycelium, roughly circular or with fans, and with an irregular-crenate 
margin. Faint concentric zones of light and darker shades were formed. 
Considerable variation in coloring occurred on the same medium. Seven to 
ten days after inoculation numerous minute olivaceous bodies were formed 
on the surface of the medium. Twenty-five to 30 days after inoculation 
some of these bodies had enlarged to 1 mm. or more in diameter. Cross 
sections showed them to be rudimentary pyenidia, each consisting of a firm 
black center, tufted with grey hyphae, and containing hyaline, allantoid 
spores. None of the pyenidia matured enough to expel spore cirri. 

The growth and appearance of the Yalsa and the Cytospora were nearly 
identical on steam-sterilized twigs of Colorado blue spruce and Norway 
spruce. The mycelia grew from the cut ends and from the needle cushions 
in mats of white hyphae. Twenty-five to 30 days after inoculation super¬ 
ficial, globose, greyish pyenidia had been formed which bore hyaline, al¬ 
lantoid pycnospores, 2 x 6-7 /a. Mycelial growth was slightly more luxuriant 
on Colorado blue spruce than on Norway spruce; more and slightly larger 
pyenidia developed on those twigs inoculated with the Cytospora than on 
those inoculated with the Yalsa. 

The pathogenicity of the Yalsa was tested by inoculating five-year-old 
Norway spruce trees in the greenhouse. On April 24, 1947, ten lateral 
branches and one trunk were inoculated with mycelium from single-ascospore 
cultures. For each inoculation a razor cut was made in the bark and the 
mycelium placed therein. The inoculations were wrapped with moist cotton 
and waxed paper. The wrappings were left intact for one week. Six con¬ 
trol inoculations with sterile agar were made in the same manner. On July 
29,1947, five of the inoculated branches were dead, each having been girdled 
by a resinous canker at the point of inoculation. Two other inoculated 
branches were cankered but alive. The remaining three were healthy with 
no signs of cankers. In the case of the trunk inoculation resinosus occurred, 
and a canker had been produced which extended halfway around the tree. 
No ill effects were apparent in the crown of this tree. No fruiting bodies 
had been formed on any of the inoculated trees. The fungus was re-isolated 
from each of the cankered branches. All of the control branches remained 
healthy and the razor wounds had healed. 

Although a positive relationship was not established between the species 
of Cytospora which causes the canker disease of spruces and the species of 
Yalsa which was found associated with cankers on spruce, the similarity in 
growth characteristics on nutrient media and sterilized twigs indicates that 
the Yalsa may be the perfect stage of the Cytospora. Limited experiments 
have shown that cankers and death of Norway spruce branches may follow 
inoculation with mycelium from single-spore cultures of the Yalsa. How¬ 
ever, sufficient fertile perithecia were not found to determine the importance 
of the ascospores in the natural spread of the disease.— ^Davtd H. Majisden, 
Massachusetts Agricultural Experiment Station, Amherst, Massachusetts. 
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Low Temperature As a Factor in the Germination of Dwarf Bunt 
Chlamydospores.^ —One of the characteristics of dwarf bunt {Tilletia caries 
(DC.) Tul.) of winter wheat is the difficulty encountered when trying to 
induce the chlamydospores to germinate in the laboratory.^ Investigations® 
have shown that spores of this fungus may be induced to germinate by soak¬ 
ing them in water for several months prior to incubation on water agar. 

Up to 30 per cent germination has been obtained by this method when the 
spores were incubated at 10° C., but no germination has been observed at 
higher temperatures. This fact, and the fact that the dwarf-bunt fungus 
attacks only wheat planted in the fall, suggested the possibility that the 
spores require a still lower temperature for germination. Investigations in 
line with this hypothesis were carried out and are reported here. 

The materials used are from collections of dwarf bunt, from the Pacific 
Northwest,^ which were stored at room temperature for periods ranging from 
3 to 13 years. All germination tests reported were made in 1947, taking 
spores directly from storage without any pre-soaking. 

Germination tests were made on 4 per cent water agar in Petri dishes 
at temperatures of 0°, 5°, and 10° C. Observations were made weekly to 
determine the progress of germination. Percentages of germination after 
49 days were determined by estimate while those on later dates were de¬ 
termined by actual count. No attempt was made to determine the per¬ 
centage of germination after 75 per cent of the spores had germinated 
because by then the colonies were too closely intermingled. The experiment 
was discontinued after 104 days, as further increases in germination could 
not be detected after that time. 

The results of this test are presented in table 1. These data indicate 
that the optimum temperature for germination was 5° C. Germination 
began at the end of the fifth week. Percentage germination determinations, 
however, were made only at the three different times, as shown in table 1. 

At the end of 49 days up to 50 per cent germination had occurred in all 
collections, and this increased to 75 per cent at the end of 70 days. The 
period of germination, therefore, extended over about five weeks, whereas in 
common bunt it extends over a period of but a few days. 

In these tests no germination was observed at 10° C. In some other 
tests a high percentage germination was obtained at 0° C., after a period of 
three months. The results of all tests indicate that the optimum temperature 
for spore germination in dwarf bunt under the conditions described is 
approximately 5° C. When incubated a few degrees above or below this 

1 Cooperative investigations between the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, IT. S. Department of 
Agriculture and the Division of Plant Pathology, AVashington Agricultural Experiment 
Stations. Published with the approval of the Director as Technical Paper No. 750. 

2 Holton, C. 8. Preliminary investigations on dwarf bunt of wheat. Phytopath. 
31: 74-82. 1941. 

8 Holton, C. S. Chlamydospore germination in the fungus causing dwarf bunt of 
wheat. Phytopath. 33: 732-735. 1943. 

4 All materials used in these tests were obtained from Dr. C. S. Holton, to whom 
the writer is indebted for aid and encouragement during these and related studies. 
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temperature, there seems to be a marked reduction in both the percentage 
and the speed of germination. In preliminary tests of several 1947 collec¬ 
tions of dwarf bunt spores, good germination was observed under the same 


TABLE 1.— The percentage germination of dwarf’hunt chlamydospores after three 
different periods of incubation on 4 per cent water agar at three different temperaturesj 
Centigrade. 


Place and year collected 

After 49 days 

After 70 days 

After 

104 days 

0<’ 

5<’ 

10^ 

0^ 

5<> 

10® 

0° 

5^^ 

10® 

Plummer, Idaho—1938 . 

. 0 

25-50 

0 

0 

75 

0 

10 

75 

0 

Cache valley, Utah—1934 . 

. 0 

25-50 

0 

0 

75 

0 

2 

75 

0 

Cache valley, Utah—1944 . 

. 0 

10-25 

0 

0 

50 

0 

3 

50 

0 

Nez Perce, Idaho—1937 . ... 

. 0 

25-50 

0 

0 

75 

0 

3 

75 

0 

Troy, Idaho—1940 . 

. 0 

25-50 

0 

0 

40 

0 

2 

50 

0 

Troy, Idaho—1944 . 

. 1-5 

25-50 

0 

10 

75 

0 

20 

75 

0 

High Prairie, Wash.—1940 .... 

. 0 

25-50 

0 

0 

75 

0 

2 

75 

0 

Kalispell, Montana—1942 . 

. 0 

25-50 

0 

3 

60 

0 

40 

75 

0 


conditions, indicating that age is not a factor in the germination of these 
spores.— Conley V. Lowther, Department of Plant Pathology, Washington 
State College, Pullman, Washington. 


Bingspot of Papaya (Carica papaya) in the Hawaiian Islands. —Papaya 
ringspot, a previously undescribed disease, was discovered in the Territory 
of Hawaii at Kailua, Oahu, in March, 1945. Its occurrence and general 
symptoms were recorded by Lindner et al.^ Subsequently, experiments re¬ 
ported by Jensen^ demonstrated that papaya ringspot is caused by a virus 
which is transmissible by the aphid Myzus persicae^ (Sulzer). In these 
experiments symptoms developed in papayas in from 11 to 21 days after 
inoculation. 

The most distinctive and reliable symptom of the disease appears on the 
fruits as they approach maturity. The surfaces of such fruits, while still 
mostly green, develop yellow rings with green centers. The rings vary from 
i to f of an inch in diameter. 

Foliage symptoms of the disease include elevation, or puckering, of the 
leaf tissue between the veins and veinlets of the youngest leaves and irregular 
mosaic patterns in expanded leaves. The mosaic symptoms are most pro¬ 
nounced in field trees during the winter season, becoming masked in varying 
degrees during the summer. 

Because papaya ringspot produces typical mosaic symptoms in the foliage, 
the disease could appropriately be called papaya mosaic. However, the 
name papaya mosaic has already been used for another papaya disease in 
Hawaii which Parris® reported to be due to a virus. Moreover, Ho and LP 

1 Lindner, E. C., B. D. Jensen, and W, Ikeda. Bingspot: New papaya plunderer. 
Hawaii Farm and Home 8(10): 10, 12, 14. 1945. 

* Jensen, D. D. Virus diseases of plants and their insect vectors with special refer¬ 
ence to Hawaii. Proc. Hawaiian Entomol. Soc. 12: 535-610. 1946. 

3 Parris, G. K. A new disease of papaya in Hawaii. Proc. Amer. Soc. Hort. Sci 
36: ^63-265. 1938. 
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have applied the name papaya mosaic to a virus disease of papayas in China, 
and Baker® has used the term papaw mosaic for a virus disease of papayas in 
Trinidad. 

The origin of papaya 4 r;tngspot is not known. Its restricted distribution, 
despite rapid spread within plantings that have become infected, seems to 
indicate that the disease, in its present form, became established in the 
Territory within recent years. 

Papaya ringspot virus rarely, or perhaps never, kills infected papaya 
plants. However, the disease appears to retard the growth of plants and 
weaken them. In areas of high disease incidence commercial papaya pro¬ 
duction has been appreciably affected. 

A survey of the island of Oahu was made in the spring of 1945, in coop¬ 
eration with the Board of Agriculture and Forestry to determine the dis¬ 
tribution of papaya-ringspot disease. The disease was found to be limited 
to a relatively small portion of the island. The Kailua-Maunawili district, 
near the eastern end of the island, was found to have a fairly high percentage 
of diseased papaya plants. On one farm, nearly 100 per cent of the papayas 
were affected. The incidence of disease was observed to diminish progres¬ 
sively to a 20 per cent level within a half-mile of this point. The distribution 
from this heavily infested area was mostly to leeward {i.e., to the southwest). 
Five scattered infestations were found in the Kokokahi district, about 3 miles 
to the north of the heavily infested Kailua district. In two of these, the pa¬ 
paya ringspot could be traced to use of papaya seedlings originally grown in 
the Kailua area and subsequently transported to the Kokokahi district for 
planting. Diseased plants were also found scattered throughout the city of 
Honolulu, which is directly to the leeward side of the Kailua area, but across 
the Koolau range of mountains that vary in this region from 1200 to 3100 
feet in elevation. 

Spread of disease within individual j^lantings proved rapid during the 
winter and spring months, but slow during the summer months. This is 
presumed to be a result of seasonal abundance of aphid vectors. 

During the latter part of 1945 the disease progressed rapidly in the 
direction of prevailing winds within the Kailua-Maunawili district but there 
has been little lateral spread. In the spring of 1946 the area of essentially 
complete infection had increased from the one farm to include a number of 
others within a half-mile radius with proportionate increases in the area 
immediately to the southwest. 

The possible existence of papaya ringspot on islands of the Territory 
other than Oahu was investigated during June and July of 1946, when a 
survey of Kauai, Maui, Molokai, and Hawaii was made. Principal attention 
was given to climatologically diverse areas where papayas had been culti- 

4 Ho, W. T. H., and L. Y. Li, A virus disease of papaya (Carica papaya L.). 
Preliminary notes on the virus diseases of some economic plants in Kwangtung Province. 
Lingnan Sci. .Tour. 16: 67-78. 1936. 

6 Baker, E. E. D. Papaw mosaic disease. Trop. Agr. (Trinidad) 16: 159-163. 
1939. 
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vated for long periods of time in commercial and in dooryard plantings. 
Representative plantings within the immediate vicinity of airports and 
seaports were given special consideration since the introduction of a new 
disease would be especially likely in such areas. In no part of any of the 
four islands included in this survey was the disease found. 

The possibility of control of papaya ringspot, as it occurs in the Territory 
of Hawaii, would seem to be dependent on the applicability of one or more 
of four commonly used procedures. These are (1) control of insect vectors, 
(2) substitution of immune or highly tolerant varieties of papaya for those 
now grown, (3) interpolation of crop-free periods, and (4) destruction of 
diseased trees. 

Control of insect vectors would mean control of aphids, especially of the 
aphid Myzus persicae, in the case of papaya ringspot. Aphicides are effec¬ 
tive but expensive and not commonly used by papaya growers in Hawaii. 
Moreover, Myzus persicae breeds on many species of plants and would tend 
to reinfest papaya soon after treatment of this plant. 

Substitution of immune or highly tolerant varieties of papaya for those 
now grown offers no immediate prospect of solving the problem. At present 
no variety immune from the disease is known. About 15 varieties, varietal 
strains, and hybrids, representing material from both local and foreign 
sources, have been grown in areas where the disease prevails. In every 
instance, this material has contracted the disease through natural spread. 

Crop-free periods of the usual seasonal type would be inapplicable to 
the problem of control in the case of a papaya disease, because the host is 
grown as a short-lived perennial in overlapping succession. It would be 
necessary to induce growers to omit succession planting for a period long 
enough to provide a wholly crop-free interval. 

Destruction of diseased trees sometimes seems uneconomical to owners, 
who may prefer to continue picking fruit as it matures rather than attempt 
control by eradicating the reservoir of disease within the planting. Control 
by removal of diseased trees, however, would be favored by many circum¬ 
stances. Not enough trees are involved by disease, as yet, to affect appreci¬ 
ably the current supply of fruits for market. The papaya plant is readily 
cut down and does not regenerate from roots left in the ground if all stem 
tissues are removed by the initial cut. It rarely grows as a weed in the 
Territory but is essentially confined to cultivated plantings and to dooryard 
plots, where it is readily found. Thus far no other species of plant has been 
found capable of acting as host of the causative virus. 

In view of the considerations discussed above, removal of diseased trees 
would seem to provide the best basis for a program for control of papaya- 
ringspot disease, other procedures being considered as of possible supple¬ 
mentary value whenever applicable.—^P. 0. Holmes, The Rockefeller Insti¬ 
tute for Medical Research, Princeton, N. J.; J. W. Hendrix, W. Ikeda, 
D. D. Jensen, R. C. Lindner, and W. B. Storey, University of Hawaii 
Agricultural Experiment Station, Honolulu, T. H. 



REPORT AND ABSTRACTS OP THE SECOND ANNUAL MEETING 
OP THE NORTHEASTERN DIVISION OP THE AMERICAN 
PHY'* OPATHOLOGICAL SOCIETY 


The second annual meeting of the Northeastern Division of the American Phyto- 
pathological Society was held in Poughkeepsie, New York, November 25-26, 1947, im¬ 
mediately following tho New England-New York Spray Specialists^ Conference. Ap- 
proxiniately 70 persons attended the meeting. Discussion meetings were held on the 
following topics: 1947 Cooperative Fungicide Tests for Apple Scab Control, Classifying 
Scientific Data for Punch Cards, Turf Diseases and Their Control, Fungicide Control of 
Potato Diseases, and Diagnosis of Plant Diseases. Ten formal papers were presented at 
one afternoon session. At a short business meeting the new constitution was adopted. 
The following officers were elected for 1948; 

President: 0. C. Boyd 
Vice President: D. H. Palmiter 
Secretary-Treasurer: L. M. Black 
Councilor: S. E. A. McCallan 


ABSTRACTS OF PAPERS PRESENTED AT TITE MEETING 

Relation of insecticides to the development of diseases of ornamentals. A. W. 
Dimock. The development of leafspot (Septoria obesa) in the upper foliage of chrys¬ 
anthemums was observed under conditions which precluded spore dissemination by splashed 
water, the only efficient dispersal mechanism then recognized. In all cases the plants 
had been sprayed with rotenone insecticides. Viability tests of spores suspended briefly 
in spraying-strength emulsions of such insecticides, and actual inoculations with the 
suspensions, proved that viable inoculum could be spread from infected basal leaves to 
the upper foliage by such sprays. Of 11 materials tested, some showed very high, others 
very low fungicidal value. Although spray droplets of such suspensions may evaporate 
too rapidly to permit immediate infection, this may occur subsequently as a consequence 
of nightly deposition of dew. An unusual epidemic of blackspot (Diplocarpon rosae) 
developing abundantly on the upper, but as only a trace on the lower, foliage of green¬ 
house roses was observed. Spores had been disseminated to the upper foliage by syringing 
with water for red spider control, though the water had evaporated too rapidly for in¬ 
fection to occur. A subsequent application of tartar emetic and sugar, fogged on the 
upper leaves for thrips control, provided a hygroscopic deposit retaining sufficient con¬ 
densed moisture long enough to permit infection. 

Common blight of bean as a screen for testing chemotherapeutic activity. A. E. 
Dimond and E. M. Stoddard. Common blight of bean (Xanthomonas phaseoli) was 
found to be a good medium in screening chemicals for therapeutic activity. Systemic 
infections produced sharp differences between good treatments and checks. Bed Kidney 
beans were grown in sand and fertilized to give maximum symptoms of disease. Systemic 
infection was produced by inoculating the stem with bacterial stabs. A solution of the 
chemical to be tested, just non-phytotoxic in concentration, was applied to the potted plants 
on the nine days following the inoculation period. Two weeks after inoculation plants 
were rated for incidence of disease as measured by percentage of infection, and severity 
of symptoms as measured by a disease index. Typical data for percentage of infection 
and disease index follow: KMnO*—100 and 3.48; CaCli—86 and 1.40; ZnS04—61 and 

I. 17; Hydroquinone—89'and 2.05; Auramine—58 and 0.57; Salicylic acid—14 and 0.17; 
Check—100 and 3.38. Tests so far conducted indicated greater success when chemicals 
were applied after rather than before inoculation. 

Evaluation of organic fungicides for the control of Venturia inaequalis (dee.) Wint, 

J. M. Hamilton. Most organic fungicides have given mediocre or erratic performance 
in field tests. The testing of organics on potted greenhouse-grown trees as to retention 
and eradicative action at the time infection occurs has aided in the interpretation of their 
performance. Puratized Agricultural Spray (phenyl mercuri triethanol ammonium lac¬ 
tate), 806 (phenyl mercury compound), and PMAS (phenyl mercury salt) were com¬ 
parable to liquid lime-sulfur in the length of time that they controlled scab after infection 
began. Phygon (2,3-dichloro-l,4-naphthoquinone), copper 8-quinolinolate, and man¬ 
ganese ethylene bis dithiocarbamate were moderately effective in the order of their 
inherent toxicity. The presence of moisture to release the toxicants after their applica- 
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tion markedly increased their effectiveness. This was not true with the Puratized group. 
Fermate (ferric dimethyl dithiocarbamate), Dithane Z78 (zinc ethylene bis dithiocar- 
bamate), and the glyoxalidine materials were not eradicative and functioned mainly as 
preventives. Good-rite P.E.P.S. (polyethylene polysulphide) was adhesive but did not 
redistribute. The work supported the trend in field data in that the organics with the 
greatest retention were superior in seasons where sprays could be timed. On the^ other 
hand, eradicative type materials were most effective in periods of more or less continuous 
precipitation. A mixture of an eradicative material with a protective fungicide has 
merit. 

Factors influencing the control of carrot yellows with DDT, G. E. R. Hervey and 
W. T. ScHROEDER. The vector of carrot yellows in western New York, Macrosteles di- 
visus (Uhl.), occurs and breeds on carrots from the time the plant emerges until harvest. 
In 1946 and 1947 there was a definite peak in vector population, beginning when the 
carrots were three to five inches tall and extending for 25 to 30 days. This peak re¬ 
sulted almost exclusively from migrating adults. The possibility that factors other than 
vector population may influence the amount of yellows was indicated by the fact that 
in comparable nontreated plots, the leafhopper population in 1946 was three times as 
great as in 1947, yet the disease was slightly higher the latter year. DDT applied during 
the peak immediately reduced the insect population to practically nil, but it built up rapidly 
by migration. Dusts were less effective than sprays, and the latter were more effective 
when used with an adhesive. Plots treated with DDT showed no nymphal development 
for as much as 8 weeks after the last application. DDT applications timed to coincide 
with the beginning of the peak in vector population gave as good or better control with 
fewer applications than when this factor was ignored. 

Elimination of ftpoited wilt from a stock of dahlia, Francis O. Holmes. An un¬ 
usually severe outbreak of spotted wilt in dahlia occurred near Vineland, New Jersey, 
during 1946. The Rhythm dahlia was most severely affected of all varieties observed, 
and every available plant was diseased. In this dahlia, as in all others, lower leaves were 
more damaged than upper ones. Shoots grown from diseased roots generally appeared 
healthy at first, though if left attached to the old roots they showed lesions of the disease 
eventually. Tip cuttings taken from emerging shoots were readily rooted. Only a few 
of these showed disease when established as x>otted plants. A majority of the rooted 
tip-cuttings remained healthy in appearance and were grown to blossoming in the green¬ 
house under spring season conditions without showing any evidence of spotted wilt. 
Thirty of the ax)parently healthy cutting-plants also grew vigorously throughout the sum¬ 
mer in a field plot. In no case did the disease reappear. It was concluded that this stock 
of Rhythm dahlia had been freed of virus by radical removal of diseased tissues, i.e., old 
roots, stems, and lower leaves. 

A comparison of aircraft dusting and ground spraying for the control of tomato 
diseases, G. L. Mack and W. T. Schroeder. Six alternate applications of Zerlate 
(zinc dimethyl dithiocarbamate) and Tribasic copper sulfate (54 per cent) were applied 
to tomatoes as dusts with a Bell helicopter and with a Stearman fixed wing aircraft, and 
as sprays with a trailer-drawn brush-boom spray rig. Application rates were adjusted to 
deliver 4 lb. Zerlate or 4 lb. metallic copper per acre. Ten-row plots, each approximately 
1.7 acres in area and separated from each other by sprayed five-row buffer plots were 
randomized in each of three blocks. Data were obtained only from the five center rows 
of each plot. Following the fourth a])j)lication, deposition and distribution of copper on 
the upper and lower surfaces of twenty leaves, selected at random from each plot at three 
different positions on the jjlant were determined by a x)rint method and analyzed statis¬ 
tically. Coefficients of variability indicated a much more even distribution of the fungi¬ 
cide with the ground sprayer than with either of the aircraft applicators. Copper deposit 
ratings were related significantly to total yield and late blight control. Significant dif¬ 
ferences between the three applicators in yield and late blight control ranked the ground 
sprayer first, followed by the helicopter and aeroplane. Anthracnose control was signifi¬ 
cantly better with the ground sprayer than with either of the aircraft applicators. 

Apple scab control with elemental mlfurs in the Hudson Valley in 1947, W. D. 
Mills and J. D. VanGeluwe. Six formulations of air-ground sulfurs were compared 
with Magnetic *‘70^^ sulfur paste, Troy Flotation sulfur paste, and micronized sulfur, 
using lb. actual sulfur per 100 gal. on McIntosh and Delicious varieties. One formula 
of air-ground sulfur was compared with the paste sulfurs and micronized sulfur at 5 lb. 
actual sulfur. Sprays were timed by bud development and rain forecasts. Two of the 
applications were made at the beginning of infection period rains. Treatments at 2^ lb. 
per 100 gal. were remarkably good in view of the heavy rains between sprays. The two 
paste types of sulfur were equally effective. Both pastes and one formulation of air- 
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ground sulfur were significantly better (99: 1) in fruit scab control than micronized sul¬ 
fur when 5 lb. actual sulfur were used on both McIntosh and Delicious. The control of 
fruit scab on Delicious by 1 and lb. Fermate (ferric dimethyl dithiocarbamate) 
equalled that obtained with the 5-lb. dosage of the better elemental sulfurs, and was 
significantly better (99: 1) ^han micronized sulfur. 

Some effects of fungicides on yield, quality, and maturity of apples in 1947. D. H. 
Palmiter. Phygon (2,3-dichloro-l,4-naphthoquinone)—i lb. Phygon—^ lb. plus Good- 
rite P.E.P.8. (polyethylene polysulphide)—1 lb., Puratized Agricultural Spray (phenyl 
mcrcuri triethanol ammonium lactate)—1 pt., Fermate (ferric dimethyl dithiocarbamate) 
—lb., copper 8-quinolinolate—1 lb., Micronized Sulfur—5 lb., and 341C (2-heptadecyl 
glyoxalidine)—1 qt., each in 100 gal. water and applied to McIntosh trees in seven sprays, 
held fruit infection from apple scab to less than five per cent. Manganese ethylene bis 
dithiocarbamate at lb. and P.E.P.S. at 2 lb. per 100 gal. did not afford as good control 
as the other materials. DN—111 (dicyclohexyl amine salt of dinitro-orthocyclohexyl- 
phenol) severely injured the foliage and caused fruit drop when applied one month after 
an application of Phygon. Trees sprayed with 341C showed foliage injury in the form 
of purple veins and a reduction in leaf size and color. Fruits from these trees were 
smaller than average. Trees in the Puratized plots matured their fruit a week later than 
the rest of the orchard and had the best color and quality. Russet injury on similarly 
sprayed Greening plots was very severe with 341C, moderate with Sulfur, Fermate, and 
P.E.P.S., slight with copper 8-qiiinolinolate and Puratized, and almost absent with Phygon 
and Manganese carbamate. 

Air blast application of oil-soluble fungicides to row crops. J. B. Rowell and F. L. 
Howard. Modern air blast methods of pesticide application require a reduced quantity 
of carrier. Likewise, fungicides compatible with the new oil-soluble insecticides are 
needed for simultaneous application. Quantitative data on the specifications needed for 
implementing this principle of disease control were obtained by experimenting with a 
modified Potts-Spencer ^*Mist Blower’’ mounted on a Bolens HlBoy row-crop two-wheel 
tractor. Particle size and type of oil are of major importance in safeness on potato and 
tomato foliage. A wide distribution pattern induced by turbulence is essential for uni¬ 
formity of coverage and avoidance of injury. Oil-soluble fungicides were applied with 
slight or no injury to field plots of potato, tomato, cucumber, and snap bean. Bean an- 
thracnose control was demonstrated with Mycotox-4 (substituted phenyl ester) and Onyx 
DL--1 (didodecyl dimethyl ammonium bromide) carried in 3 gallons of Shell Horticultural 
base oil No. 7 per acre. Cucumber downy mildew infection was decreased 25 per cent by 
fungicide-oil mist treatment. 

Susceptibility to common blight of bean as influenced by level of nutrition. E. M. 
Stoddard. The effect of the nutrition level on the susceptibility of Red Kidney bean 
to common blight (Xanthomonas phaseoli) was studied on plants grown in sand at nu¬ 
trient level increments of 1, 10, and 100. The nutrient solution used contained potassium 
nitrate, monopotassiiim phosphate, calcium nitrate and magnesium sulfate. Inoculation 
was accomplished by stabbing the causal organism into the stem. The data were recorded 
13 days after inoculation. The percentages of plants showing wilting of the foliage at 
the above ascending order of nutrient levels were 91, 88, and 21. The inoculated plants 
at the highest nutrient level showed more stunting than either those at the lower levels 
or the checks. The causal organism was isolated from the plants not showing wilting 
at the highest level, indicating that these plants tolerated the organism without exhibiting 
the usual wilting symptoms. 



REPORT OP THE 39TH ANNUAL MEETING OF THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 


The American Phytopathological Society held its 39th annual meeting at the 
Stevens Hotel, Chicago, Illinois, December 28-30, 1947, in connection with the American 
Association for the Advancement of Science. Three hundred and thirteen members from 
forty-two states and three foreign countries registered. One hundred and twenty-seven 
papers, accepted by the editorial committee, were presented at the meeting. The sections 
and number of papers presented in each follow: diseases of corn and small grains, 13; 
diseases of fruits and ornamentals, 13; physiology of fungi, 12; diseases of field crops, 
10 ; virus diseases, 11; breeding and disease resistance, 10; joint session with the Potato 
Association of America, 5; antibiotics and bacterial diseases, 13; virus diseases of 
vegetables, 6; fungicides, 10; vegetable diseases, 11; and miscellaneous, 13. 

A joint symposium was held with the Committee on Genetics of Microorganisms 
of the National Kesearch Council, the American Society of Naturalists, the Myoological 
Society of America, and the Microbiological Section of the Botanical Society of America. 
A joint session was also held with the Potato Association of America. 

Conferences included Fungicide Colloauium,’^ Extension Workers,^' Plant 
Disease Survey,*’ National Security,” and ^‘Tipper Mississippi Valley Plant Pathol¬ 
ogists.” 

There were demonstration sections on Market Diseases of Fruits and Vegetables, and 
Publicity. 

The premiere showing of the color, sound, moving picture ^ ^ White Pine Blister Rust 
Control” was presented by the United States Department of Agriculture. 

The Phytopathologists* dinner, held at the Chicago Bar Association, on Monday 
evening, December 29, was attended by over three hundred. 

Council for 1948: 

R. S. Kirby, President (1 yr.), Pennsylvania State College, State College, Pennsyl¬ 

vania. 

W. D. Valleau, Vice-President (1 yr.), Kentucky Agricultural Experiment Station, 
Lexington 29, Kentucky. 

Curtis, May, Secretary (3-yr. term expires 1950), Plant Industry Station, Beltsville, 
Maryland. 

M. C. Richards, Treasurer, and Business Manager of PHYTOPATHOLOGY (3 yr. 

term expires 1949), University of New Hampshire, Durham, New Hampshire. 
Helen Hart, Editor-in-Chief, PHYTOPATHOLOGY (3-yr. term expires 1948), 
University Farm, St. Paul 1, Minnesota. 

E. E. Clayton, Plant Industry Station, Belt«ville, Maryland. 

Max W. Gardner, University of California, Berkeley, California. 

J. H. Jensen, North Carolina State College, Raleigh, North Carolina. 

S. G. Lehman, North Carolina State College, Raleigh, North Carolina. 

S. E. A. McCallan, Boyce Thompson Institute, Yonkers 3, New York. 

S. J. P. Chilton, Louisiana State University, Baton Rouge, Louisiana. 

A. J. Riker, University of Wisconsin, Madison, Wisconsin. 

Representatives: 

A.A,A.8, Council, R. W. Goss, H. A. Rodenhiser. 

Division of Biology and Agriculture^ National Besearch Council, J. C. Walker. 
Board of Editors, American Journal of Botany, Charles Chupp. 

American Institute of Biological Sciences, J, C. Walker. 

Standing Committees: 

Donations and Legacies, H. S. Fawcett, P. P. Pirone, R. E. Vaughn, A, A. 

Dunlap, W. B. Tisdale, N. J. Giddinos, Chm. 

Extension, 0. C. Boyd, 0. D. Burke, L. 0. Weaver, R. J. Haskell, J. 0. Andes, 
S. B. Fenne, John R. Vaughn, W. J. Henderson, E. G. Sharvelle, J. T. 
Middleton, T. H. King, Chm. 

Investments, Marvin E. Fowler, E. L. LeClerg, Neil E. Stevens, R. M. 
Caldwell, M. C. Richards, Chm. 
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Phytopathological Classics. L. J. Tyler, Business Manager j L. C. Knorr, Editor. 
Placement. H. A. Eodenhiser, M. W. Gardner, R. J. Gaskell L. M. Massey, 
S. J. P. Chilton, R. S. Kirby, Chin. 

Public Relations. O. D. Burke, L. S. Hitchner, J. D. Moore, A. G. Newhall, 
Harry R. O^Brikn, J. Greaney, H. T. Cook, J. E. Livingston, E. C. Cox, 
R. R. Kincaid, K. fe- arr Chester, Chm. 

International Cooperation. G. H. Coons, K. G. Kevorkian, I. E. Melhus, M. H. 
Langford, J. G. Harrar, J. A. (Stevenson, Otto Reinking, H. P. Barss, E. C. 
Stakman, Chm. 

Society Organisation. W. J, Zaumeyer, A. L. Harrison, L. W. Koch, J C. Walker, 
O. C. Boyd, George Armstrong, Chm. 

Plant Disease Prevention. Paul R. Miller, S. B. Fracker, E. C. Stakman, H. II. 

Thornberry, D. G. Fletcher, J. J. Christensen, Chm. 

Subcommittee on Regulatory WorTc and Foreign Plant Diseases. C. R. Orton, R. P. 
White, E. C. Stakman, Chm. 

Subcommittee on Seed and Plant Material Certification. Reiner Bonde, L. C. 

Cochran, Charles Chupp, C. H. Arndt, J. J. Christensen, Chm. 
Subcommittee on Utilisation of Plant Pathologists and Field Facilities in National 
Fjmergencies. M. W. Gardner, Leslie Waldee, H. T. Cook, H. H. Thornberry, 
Chm. 


Special Committees: 

Fungicides. C. H. Arndt, J. D. Wilson, J. W. Heuberger, F. L. Howard, Dwight 
Powell, C . E. Yarwood, J. G. Horsfall, Chm. 

Subcommittee on Seed Treatments* E. D. Hansing, H. T. Cook, George Semeniuk, 
J. E. Machacek, C. H. Arndt, Chm. 

Subcommittee on Dusts and Sprays. J. M. Hamilton, A. W. Dimock, A. G. 
Newhall, J. W. Heuberger, W. F. Buchholtz, H. F. Winter, M. B. Linn, 
J. D. Wilson, Chm. 

Subcommittee on Special Problems. L. S. Hitchner, E. A. Walker, J. G. Leach, 
F. L. Howard, Chm. 

Suhcommitlce on Annual Summary of Results on Newer Fungicides. Paul R. 
Miller, E. E. Clayton, M. CL Goldsworthy, R. W. Leukel, R. J. Haskell, 
W. D. McClellan, J. W. Heuberger;, Chm. 

Subcommittee on Fungicide Nomenclature. J. D. Moore, W. H. Tisdale, J. C. 

Dunegan, S. L. Hopperstead, E. G. Sharvelle, Dwight Powell, Chm. 
Fungus Nomenclature. W. W. Ray, W. C. Snyder, D. E. Ellis, C. M. Christensen, 
J. A. Stevenson, Chm. 

Nomenclature and Classification of Plant Viruses. Freeman Weiss, C. W. Bennett, 
H. H. McKinney, James Johnson, R. H. Larson, H. R. McLarty, Frank 
McWhorter, L. M. Black, Chm. 

Subcommittee on Virus Type Culture Collection. James Johnson, Theodore J. 
Grant, H. H. McKinney, Chm. 

Membership. W. J. Jeffers, T. W. Bretz, B. H. Davis, C. M. Clayton, Thor 
Kommedahl, Glenn S. Pound, C. M. Tompkins, Chm. 

Sustaining Associates. J. D. Wilson, E. G. Rex, P. D. Peterson, E. G. Sharvelle, 
Fred Lewis, P. P. Pirone, Chm. 

Nomenclature of Plant Pathogenic Bacteria, J. G. Leach, W. H. Burkholder, 
Charlotte Elliott, E. M. Hildebrand, P. A. Ark, O. N. Allen, Chm. 
Teaching of Plant Pathology. J. G. Leach, G. C. Kent, C. M. Tucker, M. F. 
Kernkamp, G. F. Weber, Chm. 


Temporary Committees for 1948: 

Membership List Committee. Helen Hart, M. C. Richards, L. J. Alexander, Chm. 

Publication of Special Material. H. P. Barss, J. G. Leach, W. H. TiSDi^E, 
Donald Cation, Chm. 

Beport of the Secretary. On November 5, 1947, the total membership was 1322, 
consisting of 145 life members, 1096 regular members, and 81 applicants to be inducted 
at the Chicago meeting of the Society. During the year, 45 members were suspended 
for nonpayment of dues, 3 died, and 12 resigned. Twenty>seven additional applications 
were received after November 5. The membership as of December 31, 1947 is about 
1350. 
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Report of the Treasurer. Statement of accounts for the year ending September 30, 
1947. 


Beceipta: 

Balance from 1946 .’. 

Annual dues: 

1946 . 

1947 . 

1948 . 

1949 . 

1950 . 

30-Year Index . 

Sales . 

Membership List . 

1947 Subscription . 

Surplus from 12/46 banquet . 

Sustaining Associates . 

Total receipts . 


$ 2,781.58 


$ 20.00 
5,683.49 
2,112.16 
8.00 

.50 $7,824.15 
6.00 
68.00 
.50 
6.50 
17.00 
1,900.00 


9,822.15 

$12,603.73 


Expenditures: 

Member subscriptions transferred to PHYTOPATHOLOGY 


1946 . $ 16.00 

1947 . 4,537.64 

194S .... .. . 1,759.23 

1949 . 6.62 

1950 . .42 $6,319.91 

Transferred to PHYTOPATHOLOGY for: 

30-Year Index. 6.00 

Sales . 68.00 

Membership list . .50 

1947 subscription . 6.50 81.00 

Office of Secretary 

Secretarial work . 46.20 

Stamps . - 52.86 

Printing . 245.14 

Other . 13.21 357.41 

Office of Treasurer 

Secretarial work . 540.80 

Supplies . 73.17 

Express . 94.11 

Bank charges . 26.30 

Auditing . 25.00 

Printing . 4.24 

Other expenses . 18.73 782.35 

Biological Abstracts . 100.00 

Placement Committee . 16.60 

Sustaining Associates Committee . 10.00 


Total expenditures . 7,667.27 

Balance on hand September 30, 1947 . 4,936.46 

$12,603.73 


Report of the Business Manager. During the past year the costs for printing 
PHYTOPATHOLOGY and reprints from PHYTOPATHOLOGY increased another 10 
per cent, making a total over pre-war prices of 30 per cent for PHYTOPATHOLOGY 
and 20 per cent for reprints. Certain functions formerly done by the printer, such as 
typing of mailing slips and the billing of authors for reprints, were transferred to the 
Business Office. 

Total non-member subscriptions on November 10, 1947, were 840, and adding to these 
the 1320 member subscriptions gives a total distribution for PHYTOPATHOLOGY of 
2,160. 

The sales of back volumes during 1947 continued high, amounting to $2,032.27. 
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Statement of accounts for the year ending September 30, 1947. 


Beceipta: 

Balance from 1946 . 

Subscriptions: 

1946 ... $ 25.10 

1947 .-. 4,595.40 

1948 . 511.60 

1949 39.50 $5,171.60 

Member subscriptions: 

1946 . 16.00 

1947 . 4,537.64 

1948 . 1,759.23 

1949 . 6.62 

1950 . .42 6,319.91 

Sales of back numbers of PHYTOPATHOLOGY . 2,032.27 

Sales of Membership List . 4.50 

Advertising 

1946 . 379.18 

1947 . 885.34 1,264.52 

30-Year Index . 112.55 

Interest on current funds 

First mortgage . 20.25 

Building and Loan . 50.00 

U. S. Bond, Series G. 25.00 95.25 

Interest on current funds. 127.51 

Grant from Rockefeller Institute . 600.00 

Allowance on reprints . 825.64 

From authors for excess illustrations . 318.05 

Unused credit . 38.90 

Membership dues . 26.00 

Sustaining Associates . 200.00 

Total receipts. 


$ 9,980.81 


17,136.70 


Expenditures: 

Printing, distributing, and storing PHYTOPATHOLOGY: 


Vol. 36, no. 9 . $740.82 

10 . 887.00 

11 . 768.79 

12 . 958.71 

Vol. 37, no. 1 . 703.68 

2 . 830.72 

3 . 631.43 

4 . 752.17 

5 . 987.52 

6 . 701.19 

7 . 861.72 

8 . 775.60 

Engravings, Sept. '46 to Aug. '47 944.76 $10,544.11 

Postage, PHYTOPATHOLOGY. 929.53 

Secretarial work and office expense, Editor-in-Chief . 

do Advertising Mgr. 


Commission for Advertising Manager, 1946 . 

Office of the Business Manager 

Secretarial work . 

Office supplies . 

Stamps . 

Miscellaneous . 

Refund, subscriptions and sales. 

Purchase, back volumes. 

Ej^ress . 

Printing . 

Binding volumes . 

Transfer, APS dues. 

Transfer, APS Sustaining Assoc, contributions. 

Miscellaneous .-. 

Total expenditures. 

Balance on hand: 

Checking account . 

Northwestern Federal Savings & Loan (Wash., D. C.) ... 


$11,473.64 

1,253.34 

47.65 

92.50 

546.70 

38.14 

180.47 

69.66 
307.41 
215.50 

33.97 

119.31 

15.39 

45.50 

200.00 

21.73 


7,259.93 

5,196.67 


$27,117.51 


$14,660.91 

12,456.60 
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Sinking Fund. By the completion of payment on a life membership by an Italian 
member, the principle amount of the sinking fund was increased this year by $30.34, it 
now being $9,706.34. 


First mortgage note, at 4i per cent interest, deposited with McLachlen 

Banking Corporation for collection . $ 600.00 

U. S. Savings Bond, Series G, No. M19056020, per cent. 1,000.00 

Invested with the following: 

Jefferson Federal Savings (formerly Columbia Permanent Bldg. As¬ 
soc.) (accrued dividend $85.96) . 585.96 

District Bldg. Loan Association (accrued dividends $253.67) . 1,753.67 

National Permanent Bldg. Assoc, (accrued dividends $390.03) . 2,390.03 

Northwestern Fed. Savings & Loan Assoc, (certificates) . 2,000.00 

Perpetual Building Association (accrued dividends $171.92) . 1,171.92 

Prudential Building Association (accrued dividends $38.69) . 245.03 

Arlington and Fairfax Bldg. & Loan (accrued dividends $77.26) . 1,077.26 


$10,723.87 

Less interest due PHYTOPATHOLOGY . 1,017.53 


$ 9,706.34 

The Lsrman Memorial Fund, obtained from voluntary contributions, now totals 
$3,321.82, This amount is invested with the Brookland Building and Loan Association at 
per cent. The account for 1947 is as follows; 


Balance on hand, October 1, 1946 . $ 3,703.80 

Dividends, December 31, 1946 and June 30, 1947 . 93.16 

Voluntary contributions. 11.00 


$ 3 807.96 

Less interest due PHYTOPATHOLOGY. 486.14 


$ 3,321.82 


Additional Endowment: 

War Savings Bond, Series F 

Total, September 30, 1947 . $1,125.00 

War Savings Stamps 

Total, September 30, 1947 .. 7.00 

$1,132.00 


The 30-Year Index. -Summary of receipts (funds deposited in PHYTOPATHOL¬ 
OGY checking account) October 1, 1946 to September 30, 1947: 

Balance (receipts less costs) September 30, 1946 . $373.52 

Beceipts October 1, 1946 to September 30, 1947 . 112.55 


Balance on hand, September 30, 1947 . $486.07 

Membership List Account, 1946-1947 

Balance on hand, October 1, 1946 . $ 52.46 

Membership lists sold. 4.50 


Balance on hand, September 30, 1947 


$ 56.96 


Report of the Auditing Committee, as of September 30, 1947. We have examined 
the books of the Trea sure r of the American Phytopathological Society and of the 
Business Manager of PHYTOPATHOLOGY for the period from January 22, 1947 to 
September 30, 1947. We found all receipts and expenditures and all funds of the 
Society and of PHYTOPATHOLOGY lucidly and accurately recorded. 

Signed;' Stuart* Dunn, Chairman 
,..M. D. Farrar 

Report of the Advertising Manager. PHYTOPATHOLOGY carried a total of 
94 pages of paid advertisements in 1947. The gross income from advertising was 
$1625.60. The net income to the Society was $1382.67. The sixteen companies which 
advertised in 1947 have been written concerning renewal of contracts for 1948. Six 
companies have contracted for 27i pages for a total of $1260. Two other companies 
are likely to contract for 24 for a total of $928.80. Three companies have canceled 
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their contracts, and five have not replied. The slowness in new contracts is due to 
increased rates and to the fact that some contracts do not expire until early 1948. It 
now appears that there will be fewer advertisers in 1948, but the income will possibly 
be more than in 1947. 

Report of the Editor-in-Chief. Volume 37 of PHYTOPATHOLOGY contained only 
931 pages, but 335 authors used these pages in the publication of 89 long articles, 37 
phytopathological notes, 209 abstracts, 2 biographies, 2 committee reports, and 8 book 
reviews. The report of the annual meeting, the revised constitution, and 3 announcements 
were published for the Society. 

'ihe volume contains 2 portraits, 151 illustrations for scientific articles and notes, 
and 251 tables. Authors have been charged for illustrations exceeding 2 pages and for 
tables exceeding 33 per cent of the length of a paper. Divisions have been charged for 
the divisional abstracts of members for whom the Society published two abstracts pre¬ 
sented at the annual meeting. 

On December 1, 1947, there were 64 papers on hand; 35 had been accepted for 
publication and 28 of these were in press; 13 were being revised by the authors; and 
16 were being reviewed by the editors. Between December 1, 1946 and December 1, 1947, 
eleven papers were withdrawn or rejected. 

Transference of responsibility for reprint orders from The Science Press to The 
American Phytopathological Society delayed slightly the publication of some papers 
that might otherwise have been scheduled for the November and December issues. The 
necessity for price quotations on special forms and delay of the issuance of requisitions 
and purchase orders may account for a delay in publication of an article. 

Report of Representative on Division of Biology and Agriculture, National 
Research Council, 1947. The activity of the Division of particular concern to our 
Society at the annual meeting in April, 3946 had to do with the proposed American 
Institute of Biological Societies. The proposed Constitution and By-Laws passed by 
the Organizing Committee, called together by the Division, were discussed and approved 
for reference back to the individual societies for consideration. Copies of the Constitution 
and By-Laws were distributed to members of the Society previous to the Cliicago 
meeting. A discussion of these documents was submitted by your representative to the 
Council. 

Report of the Necrology Committee. The following members died during 1947: 
A. E. Davey, Albert Isaksson, and Ralph Justo-Prats. 

Report of the Manager of Phytopathological Classics. Report for the fiscal year 

1_?_•_ _1 _j _Ji_ o _ 4 . __ 


beginning October 1, 1946 and ending September 30, 1947: 

Classic No. 1; On hand, October 1, 1946 . 0 

Classic No. 2: On hand, October 1, 1946 178 

Sold during year . ... 12 $ 6.00 

On hand, September 30, 1947 . 166 

Classic J^o. 3: On hand, October 1, 1946 . 265 

Sold during year 12 6.00 

On hand, September 30, 1947 . 253 

Classic No. 4: On hand, October 1, 1946 . 328 

Sold during year. 11 8.25 

On hand, September 30, 1947 . 317 

Classic No. 5: On hand, October 1, 1946 . 561 

Sold during year . 14 17.50 

On hand, September 30, 1947 .r.. 547 

Classic No. 6: On hand, October 1, 1946 646 

Sold during year . ... 13 9.75 

On hand, September 30, 1947 . 633 

Classic No. 7: On hand, October 1, 1946 . 664 

Sold during year . 13 9.75 

On hand, September 30, 1947 . 651 __ 

$ 57.25 

Value of books sent out (fiscal year 1946—1947) . $ 57.25 

Money received as advance on Classic No. 8 . l.oo 

Money received on orders of previous year. 7.61 


$ 65.86 

Money received during fiscal year 1946—1947 . $ 61.36 


Due on account . 

$ 65.86 
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Assets: 

Cash balance on hand, October 1, 1946 . $642.28 

Receipts during year . ... . 61.36 

$703.64 

Liahilities: 

Stamps. $ 5.00 

Express charges . . 3.39 

$ 8.39 

Balance on hand, September 30, 1947 . $695.25 

Total due on account, September 30, 1947 . . $ 9.75 


Report of tho Editor of Ph 3 rtopathological Classics. Number 8 of PHYTO- 
PATHOLOGICAL CLASSICS will be off the press by yearns end. Pinal page proofs 
are now in process of correction. Number 8, containing M. J. Berkeley's ‘‘Observations, 
Botanical and Physiological on the Potato Murrain” and selections from his “Vegetable 
Pathology,^’ was prepared by a committee of the British Mycological Society, with 
Dr. John Ramsbottom contributing a 3500-word illustrated biography. The price of 
the 100-odd-page publication has been set at $1.25. All expenses incident to the new 
volume will be paid out of proceeds from the sale of previous issues, thereby continuing 
the policy of keeping PHYTOPATTTOLOGTCAL CLASSICS on a self-sufficient basis. 

Editing of the Berkeley manuscript entailed much labor, especially in comparing 
the galley proofs with the originals. Petition for funds to engage an assistant was made 
to Michigan State College’s All-College Research Fund in the amount of $30.00, and the 
petition was generously granted to the extent of $50.00. I suggest the Council write 
Professor L. C. Emmons, Dean of the School of Science and Arts, Michigan State 
College, East Lansing, Michigan, thanking him for his influence in arranging the grant. 
Copy of such action to me would also be appreciated. 

Plans for future issues of PHYTOPATHOLOGICAL CLASSICS are under way, 
and Tozetti’s ALIMURGIA appears to be a likely subject for CLASSIC NO. 9, 
Tozetti’s writings have already been reviewed by Doctors P. P. Pirono and J. C. 
Walker, both of whom deem the selection an interesting and worth-while treatise for 
inclusion in the series. 

In discussing future plans, however, there is one proviso I should like to suggest, 
and that is that any subsequent publishing be postponed until printing costs have 
stopped spiralling. The per unit cost of PHYTOPATHOLOGICAL CLASSICS would 
soon preclude sales, and I am not willing to see the 15-year-old record of solvency lost. 

Report of the Placement Committee. During 1947, 54 plant pathologists had 
applications filed with the Placement Committee. Prospective employers listed 63 
positions with the Committee. A total of 214 individual applications were sent to 
employers. Incomplete reports indicate that at least 5 plant pathologists obtained 
positions through the efforts of this Committee. 

Report of the Public Relations Committee for 1947. The procedure in publicizing 
plant disease research has continued as in the past with the exception that “IDEAS” 
for popular articles have usually been routed directly to editors of the most suitable 
journals instead of using a wider, impersonal distribution. Nineteen “IDEAS” were 
released, of which 16 resulted in published articles in “Farm Journal,” “Country 
Gentleman,” “Better Homes and Gardens,” “Scientific Monthly,” “Farmer-Stock- 
man,” and other periodicals. In several instances the Committee has been of service 
to the fungicide industry in providing information on preventable crop losses and 
markets for fungicides. The Chairman of the Committee has been appointed to repre¬ 
sent the Society in providing editorial assistance for “Scientific Monthly.” An exhibit 
of the Committee’s work was on display at the Chicago meeting. The expenses of the 
Committee, as in the past, have been paid from remuneration received by individual 
writers for magazine contributions. 

Report of the Committee on Biological Abstracts and Union of Biological 
Societies. The coverage of biological journals by Biological Abstracts has been rapidly 
increased during 1946 and 1947 to include as many as possible of the journals which 
could not be covered during the war and new journals published in Europe and Asia. 
Up to Julv 1, 1947, over 850 assignments covering these journals had been made in 
the preceding 18 months. The total journals being abstracted now number about 2800. 
because of the continued unavailability of many foreign publications, the abstracting 
^ of a large share of these journals is being carried out by collaborators in the country 
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of origin of the journal. The Japanese journals are the only ones still unavailable 
for abstracting. 

The increased cost of printing and binding has put a serious strain on the finances 
of Biological Abstracts. In 1946 it was necessary to withdraw $1320 from reserves. 
In 1947, with no visible large increase in revenues, the printing and mailing estimates 
alone have been increased $13,000 over 1946. A concerted effort for further support will 
be necessary. 

The situation is more serious since the recent delays in appearance of the numbers, 
due entirely to difficulties in the printing and binding of the material, do not make good 
advertising. Abstracting is being kept up-to-date. 

During 1946 Section H—Abstracts of Human Biology—^was added. Beginning 
with January 1948 a new section—Abstracts of Cereals and Cereal Products—will be 
added. The latter will contain abstracts otherwise scattered through other sections of 
Biological Abstracts. 

Report of the Committee on Regulatory Work and Foreign Plant Diseases. This 
Committee has been relatively inactive. It was appointed at the suggestion of Dr. P. N. 
Annand, Chief of the Bureau of Entomology and Plant Quarantine, as a committee to 
give advice on request. Only one question has been submitted, and I hope that this 
was satisfactorily answered. The recommendation is that the Committee be continued 
and that the chairman ascertain its possible future need and usefulness. 

Report of the Committee on International Cooperation. Several members of 
the Committee met in Washington and discussed j)olicy and activities. Various members 
of the Committee also discussed matters with officials of the Office of Eoreign Agri¬ 
cultural Relations. The chairman of the Committee, on an extensive trip through 
Mexico, Central and South America, discussed with many pathologists the question 
of interchange of information such as that previously proposed by the Committee. 
There was enthusiastic response with respect to the desirability of this interchange, 
but it was evident that it was impossible to get the desired information from many 
countries because of lack of pathologists, lack of organizydion, oi lack of facilities for 
accumulating and summarizing the necessary information. This makes it seem possible 
that it would be better to start with a less ambitious program. 

A modified proposal therefore is made with respect to the interchange of information. 

It is proposed that the Committee on International Cooperation of the American 
Phvtopatholocrical Society collaborate with the Committee on Tntor-American Scientific 
Publication (Harlow Shaplcy, chairman; Mrs. Christina Buechner, executive secretary). 
Steps already have been taken to have certain summaries regarding plant diseases 
published in Latin American journals. The objective of the Committee on I.A.S.P. at 
present is to facilitate the interchange of scientific information between countries of 
the Western Hemisphere. It is hoi>ed, however, to expand the project into other 
countries as soon as improvements in the international situation warrant it. As this 
organization has a central office in Boston, with a full-time secretary, and is desirous of 
facilitating publication of scientific papers in general; and as they have at least a 
modest sum 'of money as a working fund, it is proposed that we collaborate with them 
as a first step in attaining the broader objectives envisaged by the Committee. 

It is recommended that the Committee be continued. 

Report of the Committee on Resolutions. Be it resolved that the American 
Phytopathological Society express its grateful appreciation to the following for their 
contributions to the success of the 39th annual meeting: 

W. B. Allington, J. C. Carter, Glenn S. Pound, and M. A. Smith for so capably 
handling all arrangements pertaining to the banquet, entertainment, and smooth func¬ 
tioning of all sessions. 

A. C. Hildebrand, J. E. Kuntz, and John E. Thomas for supervising registration. 

W. D. Valleau and Stephen Diachun for arranging all papers into sessions. 

K. Starr Chester for so ably handling all publicity before and during the meeting. 

The management of Hotel Stevens, and especially John W. Bowman, Director of 
Convolutions and Exhibits, for many courtesies extended the Societv. 

The Chicago Bar Association for splendid cooperation in providing banquet facilities. 

John Strohm, Associate Editor of ‘‘Country Gentleman,'' for his moat interesting 
and informative address on Russian agriculture. 

The American Association for the Advancement of Science for providing meeting 
rooms, projection equipment, operators; and other courtesies. 

Be it separately resolved that the Society express its appreciation to President 
A. J. Riker, Vice-President R. S. Kirby, and Secretary E. M. Johnson for invaluable 
services during their terms of office, and to other officers, representatives, councilors, 
and committee members for their efficient work in conducting various activities of the 
Society during the past year. 
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Elections and Appointments. A committee from the Council opened and counted the 
ballots, results of which were announced to the Society at the banquet the evening of 
December 29: R. S. Kirby, President; W. D. Valleau, Vice-President; S. J. P. Chilton, 
Councilor-at-large. Curtis May was appointed Secretary for 1948-1950. 

The Council recommended and the Society approved the appointment of J. TT. Jensen 
as Editor for a three-year term through 1950; J. D. Wilson, J. G. Harrar, K. W. Kreitlow 
and Donald Cation as Associate Editors for three years through 1950; Jj. J. Alexander, 
Advertising Manager of PHYTOPATHOLOGY for 1948; L. C. Knorr, Editor of 
PHYTOPATHOLOGICAL CLASSICS for 1948; L. J. Tyler, Business Manager of 
PHYTOPATHOLOGICAL CLASSICS for 1948; J. C. Walker, Representative to 
American Institute of Biological Science; H. A. Rodenhiser on A.A.A.S. Council for 
1948-49; and Charles Chupp on the Board of Editors, American Journal of Botany 
for 1948-50. 

One hundred and eight applicants were elected to membership in The American 
Phytopathological Society. 

Reports of Officers, Representatives, and Standing Committees are published on 
the previous pages. According to Society action at the Philadelphia meeting, reports 
of Special and Temporary Committees are not to be published in the annual report. 
All Committee reports submitted were considered by the Council. Those recommended 
for approval by the Council were accepted by the Society. 

The Society approved the following recommendations by the Council: 

1. That the Membership List Committee be given permission to publish a member¬ 
ship list in 1948. 

2. Thjit the Special Committee on Plant Disease Prevention be made a standing 
committee. 

3. That the Standing Committee on Regulatory Work and Foreign Plant Diseases 
be made a subcommittee of the Plant Disease Prevention Committee. 

4. That the name of the Special Committee on National Security be changed to 
Subcommittee on the Utilization of Plant Pathologists and Facilities in National 
Emergencies, and that it be under the Plant Disease Prevention Committee. 

5. That there be added to the Plant Disease Prevention Committee a Subcommittee 
on Seed and Plant Material Certification Standards. 

6. That the Standing Committee on Necrology be discontinued and that its func¬ 
tions, including the preparation of biographical sketches of deceased members, be 
assigned to the Secretary. 

7. That the Standing Committee on the Union of Biological Societies (Biological 
Abstracts) be discontinued and that its functions be taken over by the Society’s repre¬ 
sentative to the American Institute of Biological Sciences. 

8. That a Subcommittee on Virus Type Culture Collection be added to the Com¬ 
mittee on Is omenclature and Classification ox Plant Viruses. 

9. That the Temporary Committee on Sustaining Associates be made a special 
committee. 

10. That the Fungicide Committee consist of seven members. 

11. That the Subcommittee on Methods of the Fungicide Committee be discontinued 
for the time being, 

12. That there be added to the Fungicide Committee a Subcommittee on Annual 
Summary of Results on Newer Fungicides, to continue the work initiated by the Potomac 
Division in disseminating this information. 

13. That there be added to the Fungicide Committee a Subcommittee on Fungicide 
Nomenclature whose function shall be to study the important question of common names 
of fungicides in cooperation with other interested committees from the chemical, 
entomological, and other societies and the United States Department of Agriculture, 
and that they be further authorized to select suitable common names and to preempt their 
use by such means as they deem advisable, and that such names shall be published in 
PHYTOPATHOLOGY when they are ready for adoption. 

14. That there be formed a Special Committee on Nomenclature of Plant Pathogenic 
Bacteria. 

15. That there be formed a Special Committee on Teaching of Plant Pathology. 

16. That the invitation to join the American Institute of Biological Sciences be 
submitted to the members for a mail vote, in a reasonable time, and if approved the 
dues will be increased one dollar beginning in 1949. 

17. That the Society continue to appropriate $100 to Biological Abstracts. 

18. Tbe adoption of the following resolution: Be it resolved that The American 
Phytopathological Society express its interest in the proposal of Dr. Paul Neergaard for 
the issuance of an International Herbarium of Pathogenic Fungi (fungi exsiccati) to be 
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initiated and carried on under the auspices of U.N.E.S.C.O. or similar international or- 
ganization, and agree to join with the Mycological Society of America and the British 
Mycologic^ Society in sponsoring the project. Suitable precautions should be taken 
to guard against dissemination of potentially dangerous parasites. It is understood no 
financial outlay is involved. 

19. That the editors of PHYTOPATHOLOGY are authorized to publish sheets con¬ 
taining news, notes, announcements, comments, and short items of interest. The activity 
is not to cost over $300 in 1948. 

20. The adoption of the following resolution: 

Whereas many foreign plant pathogens not only have already come into the United 
States but also have caused enormous damage, and 

Whereas there are many other plant pathogens which might cause similar devastating 
loss if they should enter and become established. The American Phytopathological Society 
resolves that: 

(A) The United States needs to have a greatly strengthened plant disease quarantine 
service at ports of entry or in countries of origin. Many plants carry diseases which 
do not show on seed or dormant stock. Such material should be given competent in¬ 
spection while growing. This inspection should meet the standards now applied to 
nursery stock in most states. I^his is particularly important since pathogens brought 
in by aeroplanes will arrive more promptly and usually in more virulent condition than 
organisms introduced by the older forms of transportation. 

(B) The United States needs more critical information about the susceptibility of 
American timber species and crop plant varieties to foreign parasites that might be in¬ 
troduced. 

(C) More effectively to meet these needs, it is recommended that the U. S. Depart¬ 
ment of Agriculture request the necessary additional appropriations and arrange with the 
Department of State for development of cooperative agreements with those foreign 
countries interested in safe plant exchange on a mutually beneficial basis. The activity 
should include: 

(a) the establishment in the cooperating country of tesi or trap plantings of 
important American species and varieties of interest to either cooperating 
country, for which the reaction to foreign pests and diseases needs to be 
ascertained; 

(b) periodic observation by competent American and/or foreign specialists for 
diseases; and 

(c) for those found important, study of the means of dissemination of the 
causal organisms. 

(D) Similarly, test planting of important species and varieties of the cooperating 
countries may be established in appropriate regions of the United States. 

21. The formation of the North Central Division of The American Phytopathological 
Society, an area including the states of Missouri, Minnesota, Kansas, Nebraska, South 
Dakota, North Dakota, Iowa, Illinois, Kentucky, Wisconsin, Michigan, Ohio, and Indiana. 

22. That the time and place of the next annual meeting shall be left to the dis¬ 
cretion of the Program Committee consisting of the President, Vice-President, Secretary, 
and Editor-in-Chief, with the suggestion that the meeting be held in early December, in 
connection with other societies, in the longitude of Pittsburgh or farther east. 

23. That the Special Committee on Publication Problems be discontinued. 

24. That there be published in 1948, in PHYTOPATHOLOGY, a Directory of 
Fungicides consisting of a list of fungicides with chemical, trade, and common names 
(if available) with the name of the manufacturer, as shall be prepared by the Sub¬ 
committee on Fungicide Nomenclature. 



326 


Phytopathology 


[VoL. 38 


GROVER H. BURNETT 
January 31, 1890-June 15, 1946 

Dr. Grover H. Burnett, a native of Idaho, was graduated from the 
University of Idaho, 1917, with the degree of Bachelor of Science. En¬ 
tering World War I as a Private, he earned a Commission. He then 
spent eight years in educational work in agriculture in Idaho, Washing¬ 
ton, and California. From 1927 to 1933 he was on the staff of the 
Botany and Plant Pathology Department of Washington State College, 
where he received the degree of Master of Science in 1929 and Doctor 
of Philosophy in 1932. 

The years 1933 to 1936 he spent in white pine blister rust control in 
the Northwest, and in study of the nursery diseases of conifers in Mon¬ 
tana, Colorado, and Nebraska, for the Bureaus of Entomology and Plant 
Quarantine, and Plant Industry, respectively. From that time until 
his death he was engaged as Farm Planner for the Soil Conservation 
Service in Colorado. 

Doctor Burnett was a man of good judgment and pleasing person¬ 
ality, an excellent cooperator and universally liked. During his period 
at Washington State College he published a number of creditable 
papers on the viruses of the Solanaceae and of Phlox and Delphinium. 
He took particular pleasure in the out-of-door features of his work. 
He was cautious in interpretation of results, and outstanding for the 
conscientious character of his work. 

Doctor Burnett was a life member of The American Phytopatho- 
logical Society. 
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JOSEPH HUNTER GOODING, JR. 

August 31, 1891-April 14, 1947 

J. Hunter Gooding, Jr., was graduated from Oregon State College 
in 1914 with the Bachelor of Science degree in Agronomy. He took 
advance courses at Columbia University, New York; New York Uni¬ 
versity, and the University of Pennsylvania. 

Except for two intervals as farm manager and orchardist, Mr. 
Gooding’s entire career was with E. I. du Pont de Nemours and Com¬ 
pany. In his 32 years with the company he rose from a clerkship at 
the Carney’s Point, New Jersey plant to sales manager of the Semesan 
Division of the Grasselli Chemicals Department. 

It was in 1923 that Mr. Gooding began his career in the field of 
seed disinfectants. By the time of his death he was recognized as one 
of the men who had made valuable contributions toward establishing 
the need for seed disinfection as common practice in the minds of the 
American farmer. 

Mr. Gooding was a member of the American Phytopathological So¬ 
ciety, The Grange, and other organizations. 

Mr. Gooding has been described as being square in his dealings with 
coworkers and competitors alike, competent, cheerful, optimistic, and 
sociable. He was a fine example of the kind of person it takes for suc¬ 
cessful working relations between science and industry. 
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ROBERT ALMER HARPER 
January 21, 1862--May 12, 1946 


Robert Aimer Harper was born at Le Claire, Iowa. He graduated 
from Oberlin College with the degree of Bachelor of Arts in 1886 and 
carried on graduate studies at Johns Hopkins University during 
1888-89. He returned to Oberlin to receive the degree of Master of 
Arts in 1891. Following this he studied for several years at Bonn 
under the great botanist, Eduard Strasburger, receiving the doctorate 
from the University of Bonn in 1896. 

Professor Harper’s long and distinguished career as a teacher began 
when he went to Gates College as instructor of classical languages from 
1886 to 1888. From 1889 to 1898 he was instructor and professor of 
botany and geology at Lake Forest College, Lake Forest, Illinois. From 
1898 to 1911 he was professor and head of the Department of Botany 
at the University of Wisconsin. In 1911 Dr. Harper went to Columbia 
University as Torrey Professor of Botany and executive officer of the 
department. He withdrew from formal teaching in 1930 with the title 
of Emeritus Professor, but continued active in research and advisory 
work with graduate students at Columbia until 1937, when he moved 
to his farm near Bedford, Virginia, where his remaining years were 
spent. 

Dr. Harper was active in the National Academy of Sciences, Ameri¬ 
can Association for the Advancement of Science (vice-president for the 
plant sciences section in 1910), Botanical Society of America (presi¬ 
dent in 1916), Torrey Botanical Club (president 1914-16), American 
Phytopathological Society, Ecological Society of America, Society of 
American Naturalists, Philosophical Society, American Academy, and 
was a corresponding member of the Deutsche Botanische Gesellschaft. 

In Professor Harper the qualities of a great, inspiring teacher and 
a penetrating, painstaking research worker were perfectly combined. 
His earlier works on the cytological details of reproduction in the pow¬ 
dery mildews, in Peziza, Pyronema, Hypochnus, and several rusts 
have long been considered classics in the field. Later his interest 
turned to problems of the fundamental structure and morphogenesis of 
living things. His presidential address before the Botanical Society 
in 1916 was an exceedingly penetrating consideration of the structure 
of protoplasm. His later papers deal with the factors involved in the 
development of form. Professor Harper’s grasp of the structure and 
interrelationships of living things and his insight into fundamental bio¬ 
logical problems were unparalleled. 
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JOHN LEONARD RUE 
July 15,1900-February 9,1946 


Jolm Leonard Rue was educated in the public schools at Freehold, 
New Jersey, after which he studied at Stevens Institute of Technology, 
Hoboken, New Jersey. 

Mr. Rue was employed by the Bureau of Plant Industry, U. S. 
Department of Agriculture, in 1927, to assist at the Bureau’s Peach 
Disease Field Laboratory, Fort Valley, Georgia. He was appointed 
Scientific Aid in 1931, advanced through grades, and was promoted to 
Chief Scientific Aid in 1941. 

During his employment at Fort Valley, he assisted in planning 
laboratory buildings and structures, maintained experimental nur¬ 
series, orchards, and greenhouses, and participated in investigations on 
the phony peach disease, peach rosette, winter injury, prolonged dor¬ 
mancy of the peach, and other research activities. In 1938 he was 
transferred to a new laboratory being established at Brownwood, Texas, 
by the Division of Fruit and Vegetable Crops and Diseases, for investi¬ 
gations on peach mosaic and other virus diseases of deciduous fruit 
trees, in which work he remained until his death. 

Mr. Rue was a most loyal and dependable worker. He developed 
investigative ability, became proficient in virus research techniques, 
and was coauthor of several technical publications. His straightfor¬ 
ward character and excellent personality endeared him to his associates 
and greatly furthered the cooperative work in which he was engaged. 
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GORDON ALEXANDER SCOTT 
May 7, 1895-February 28, 1946 


Gordon Alexander Scott, after four years’ military service in World 
War I, graduated from the Ontario Agricultural College, Guelph 
(University of Toronto) in 1923 with the degree of Bachelor of Science 
in Agriculture. He received the degree of Master of Science from 
Macdonald College, St. Anne de Bellevue, Quebec (McGill University), 
in 1924 where he held the W. C. Macdonald scholarship in 1923 and 
the Chilean Nitrate scholarship in 1924. 

In February, 1925, Mr. Scott was appointed to the Division of 
Botany and Plant Pathology and was stationed at the Dominion Labo¬ 
ratory of Plant Pathology, Saskatoon, Sask., under the late Professor 
W. P. Fraser. He resigned in November, 1929, to farm the old home¬ 
stead in Ontario. He returned to the Division of Botany and Plant 
Pathology and was stationed at Ottawa, where he worked as a Plant 
Disease Investigator for the summers of 1932, 1933, and 1934. Mr. 
Scott served successively as Junior Plant Pathologist, 1934 to 1937, 
Assistant Plant Pathologist, 1937 to 1941, Agricultural Scientist, 
Grade 2,1941 to 1945, Agricultural Scientist, Grade 3, October through 
December, 1945, and Agricultural Scientist, Grade 4 from January 1, 
1946 to the time of his death. 

“Mickey,” as he was familiarly known to his associates and to the 
seed growers throughout Canada, was chiefly responsible for devising 
and developing examination methods for seed-borne disease. He 
worked wholeheartedly with the Cooperative Vegetable and Cereal 
Seed Treatment Committees of the American Phytopathological So¬ 
ciety in testing the newer fungicides on a variety of seed crops. Mr. 
Scott was keenly interested in the improvement of seed-treating machin¬ 
ery and its role in the production of healthy seed. He successfully 
urged the Canadian Seed Growers Association to adopt measures to 
ensure disease examination for all Foundation and Elite as well as cer¬ 
tain Registered seed stock grown in Canada. His outstanding personal 
qualities enabled him to obtain team work not only among his colleagues 
in research but also in the applied field among the farmers and those 
engaged in the seed trade. He will be greatly missed by his many 
friends and associates for his genial smile and his frank ways. 



FU8ARIUM DISEASES OF BROAD BEAN. II. FURTHER 
STUDIES ON BROAD BEAN WILT CAUSED BY 
FUSARIUM AVENACEUM VAR. FABAE ^ 

T. F. Yu AND C. T. Fangs 
(A ccepted for publication December 15, 1947) 

In an earlier paper (2f)) on wilt disease of broad bean caused by 
Fiisarium avenaceum var. fahae, the symptoms of the disease and the 
morphological and cultural cliaraoters of the causal fungus were described. 
Since then investigation on the physiology, mode of infection and life 
history of the fungus, pathologic histology, and factors influencing the <le- 
velopment of the disease were made and the results are herein presented. 

THE FUNGUS 

Isolates of Fusarium, avenaceum obtained from the diseased roots of 
broad bean, like those occurring on other crop ])lants (27), comprise 
physiological races which are morphologically identi(*al but pathogenically 
different. Some of these races cause oidy foot-rot, others cause typical 
wilt, and still others may cause either a foot-rot or sometimes wilt, <le- 
pendent largely on environmental conditions. The results of a comparative 
study on the morphology, physiology, and pathogenicity of these races 
will be presented in a lat(‘r report. In the present investigation, isolate 
No. f)()7-R“l, a typical wilt producing strain, was used throughout. 

PHYSIOLOGY OF THE FUNGUS 

Temperature in relation to the growth of the fungus. The relation of 
temperature to the growth of Fusarium avenaeeum var. fahae was studied 
in l^etri plate cultures of potato-dextrose agar which had been adjusted to 
pH 7. Four inoculated plates were placed in controlled incubators at each 
of the following temperatures: 20°, 22°, 24°, 26°, 28°, and :i0° U. After 
the colonies were established the radial growth in each plate was recorded 
every 24 hours until the thallus covered the entire plate. The average 
daily growTh was plotted for each of the other five temperatures (Fig. 1). 

The fungus grew most rapidly at temperatures between 22° and 26° C., 
with the optimum at 24°-26° C. At 20° and 28° C., the rate of growth 
was greatly decreased. In another experiment, the fungus w^as incubated 
at both higher and lower temperatures. Almost no growth was detected 
at the higher temperatures tested (33°-35° 0.) and very little at the lovrest 
(5°-6° C.). 

Hydrogen4on concentration in relation to the growth of the fungus. 
Potato-dextrose agar was adjusted by the colorimetric method to the fol- 

1 Paper No. 33 from Division of Plant Pathology, Institute of Agricultural Research, 
National Tsing Hua University, China. 

2 Division of Plant Pathology, Institute of Agricultural Research, National Tsing 
Hua University. 

.S3l 

1 Volume 38, Number 5, May, 1948] 
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lowing hydrogen-ion concentrations: 4.4, 5.2, 5.8, 6.2, 6.7, 7.1, 7.6, and 8.1. 
Transfers of the fungus were made to the centers of a series of Petri dishes 
each containing 15 cc. of the medium and the plates, in triplicate, were in¬ 
cubated at 26® C. The diameters of the colonies were measured every 24 
hours. The results of the experiment, presented graphically in figure 2, 



DAYS 

Fig. 1. Daily radial expansion of Fusarium avenaceum var. fdbae on potato-dextroso 
agar plates incubated at various temperatures. 

indicate that the fungus grew in a wide range of pH concentrations, from 
4.4 to 8.9 with the optimum between pll 5.8 and pH 6.7. The fungus 
grew vigorously on the acid media and the growth rate fell rapidly when 
media of greater alkalinity were used. The fungus tends to increase the 
acidity of a medium on which it grows. 

Spore germination. In moist Petri dishes containing hanging drops 
of spore suspension, spores germinated most rapidly at temperatures near 
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the optimum for growth of the mycelium. At those temperatures almost 
100 per cent of the spores germinated after 48 hours; while at 10° C. only 
30 per cent or less had germinated. At temperatures above 30° C. the 
percentage of germination decreased. Spores germinated equally well in 
light or in darkness. 

Sporulation, The relation of temperature to the frequency and abun¬ 
dance of sporulation of the fungus was determined both macroscopically 
and microscopically on agar slants incubated at various temperatures. 
The results of the test indicate that pionnotes and sporodochia were pro¬ 
duced abundantly at temperatures from 10° to 28° C. with the optimum 



Fig. 2. Average diameters of S-day-old plate cultures of Fusarium avenaceum var. 
fabac on potato-dextrose agar of various hydrogen-ion concentrations. 

near 20° C. When spores were transferred to agar slants kept at 18°- 
20° C., abundant spoi^ulation with slight mycelial growth appeared from 
5 to 7 days after the transfer. In general, temperatures slightly lower 
than those for optimum growth of mycelium were favorable for sporulation. 

ENVIRONMENTAL FACTORS IN RELATION TO THE DEVELOPMENT 
OF THE DISEASE 

Soil moisture. Soil moisture is one of the important factors that may 
influence the development of soil-borne diseases. Linford (17) found that 
soil moisture had less influence than soil temperature upon pea wilt caused 
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by Ftisarium oxysporum. Nevertheless, he found that wet soil slightly 
favored early development of disease symptoms but drier soil induced more 
rapid death of alfected plants. Starr (21) reported that Alaska pea de¬ 
veloped more wilt with an increase of soil moisture. According to Virgin 
and Walker (28), there was little difference in the rate of wilting caused 
by the near-wilt organism in dry and medium-moist soils when susceptible 
varieties of peas were tested. On the other hand, wilting was most rapid 
in medium-moist soil if resistant varieties were used. 

Soil moisture studies were conducted in the greenhouse at an air tem¬ 
perature of 20°-2()° C. Twelve-inch flower pots, coated and sealed at the 
bottom with paraffin, were fllled with equal amounts of air-dried soils, 
the water-holding capacities of which had been determined previously. 
The soils were arbitrarily designated as dry, medium-moist, and wet, ac¬ 
cording to their moisture content. Surface-disinfected seed was planted at 
the rate of 5 seeds per pot. Each day the pots were brought up to the 
desired moisture content by first weighing them and then adding the 
necessary amount of water. For the first 7 days, heavy spore suspensions 
instead of pure water were added to the soils. In addition to these three 
groups of soil, certain pots of soil were inoculated with spore suspension, 
then kept saturated by flooding water over the soil surface to a depth of 
about 1.5 inches. Percentages of water-holding capacity for each soil 
group and percentages of wilted plants are given in table 1. 

TABLE 1 .—The relation of soil moisture to the development of wilt in broad bean 


Condition of 
soil* 

Water-holding 
capacity of soil 
in per cent 

Total no. 
of plants 

No. of wilted 
plants 

Percentage of 
wilted i)lants 

Dry 

18-27 

94 

68 

72.3 

Mediuni-inoiat 

44-65 

91 

71 

78.0 

Wet 

70-89 

95 

12 

12.6 

Saturated 

100 

96 

a 

3.1 


»Each group consisted of 10 pots. 

The percentages of wilted plants in the wet and saturated soils were 
much lower than those in the other two soil groups (Table 1). The per¬ 
centage of wilted plants in medium-moist soil w^as slightly higher than that 
in dry soil. This difference, how^ever, was very slight and statistically in¬ 
significant. It w^as noted that plants growing in dry soil were so poor and 
stunted it was sometimes difficult to distinguish a wdlt from the natural 
yellowdng and drying that often occur wdth drought. The fact that the 
longest percentage of wdlted plants occurred in saturated soil confirmed 
results of the field surveys showing that there Avas less wdlt in low fields 
W’here the soil remained saturated throughout the year. The reason for 
this is still unknown. It is probable that the vigorous growth of the plants 
in saturated soil may increase the disease tolerance of broad beans. The 
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results of the experiment, which was not an extensive one, show that broad 
bean developed less wilt with an increase of soil moisture. 

Soil temperature. Soil temperature is b^^ far the most important factor 
limiting the development and severity of wilt disease caused by species of 
Fusarium in crop plants such as cabbage (9, 24, 26), flax (14, 25), bean (2), 
tomato (4, 5), tobacco (12), pea (13, 28), potato (10), and watermelon 
(18, 19, 23). 

Experiments for determining the soil temperature in relation to the de¬ 
velopment of wilt in broad bean have not been made. Field surveys, how¬ 
ever, indicated that soil temperature is an important factor in limiting 
the distribution of the disease. Wilt, although occurring thi*oughout the 
bean growing sections, was more destructive and prevalent in the northern 
part of Yunnan Province. In the southern part, where soil temperature 
was high, the disease was never destructive. The soil temperatures of 
eastern and western parts which were in the same latitude usually varied 
but little and the prevalence of the disease seldom varied. It seemed, 
therefore, that the distribution of wilt disease of broad bean in Yunnan was 
largely due to a difference of soil temperature. 

Soil fertility. The application of chemicals and fertilizers to the soil 
may at times lessen the effect of certain root diseases although this procedure 
has seldom been used successfully on an extensive scale. Hoffer and Carr 
(11) have shown the pronounced influence of soil fertility on the develop¬ 
ment of root-rot of corn. Linford (17) stated that soil naturally rich in 
organic matter appeared more favorable for the development of pea wilt 
than poorer soils. 

Although field surveys did not indicate any significant relation between 
soil type and the prevalence of wilt, it seemed that poor soils were more 
favorable for severe development of the disease than fertile soils. Experi¬ 
ments, therefore, were conducted to determine the influence of fertilizer 
on the development of wilt in broad beans. The tests were made on a very 
poor soil, using ammonium sulfate at the rates of 40, 60, and 120 pounds 
per Chinese mow^. Each plot consisted of 5 rows, 24 feet long and 2.5 
feet apart. Seventy-five surface-disinfected seeds were sown in each row. 
The plots were replicated four times and arranged at random. Pure cul¬ 
tures of the fungus grown on sterilized barley seed were inoculated into 
the soil at the time of planting. The last records were taken at the end of 
February when the average percentages of wilted plants of the three treat¬ 
ments were respectively 62, 65, and 29, with the lowest readings occurring 
on the plots receiving the largest quantity of fertilizer. No further record 
was made after this time because of the appearance of foot-rot in most of 
the plots. The difference in percentages of wilted plants between plots to 
which 40 and 60 pounds of fertilizers per mow had been applied was statis¬ 
tically not significant. The plots receiving 120 pounds of fertilizer per 
mow produced the lowest percentage of wilted plants and the most vigorous 
s A Chinese mow is equivalent to 1/6 acre. 
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plants. This again indicated that the vigorous growth of plants may pos¬ 
sibly delay the development of the disease. 

Soil reactions, Starr (21) found that the greatest number of pea plants 
wilted by Fusarium oxys'porum appeared in soils with pH of 8.5. Wilting 
occurred over the entire alkaline range and none was found at pH 5.07 or 
less. 

In preparation of soils with different pH values, sulfuric acid and so¬ 
dium hydroxide were used in varying quantities and thoroughly mixed with 
soil consisting of one part sandy loam to three parts clay. The soil was 
allowed to stand for 10 days, in plots which had been previously sealed at 
the bottom with paraffin, and it was watered plentifully in the meantime. 
At the end of this period, the hydrogen-ion concentration of the soils was 
tested with a potentiometer. After the seed was sown, heavy spore sus¬ 
pensions were inoculated into the soil at the rate of 200 cc. per pot. The 
results of this experiment are given in table 2. 

TABLE 2.— Effect of hydrogen-ion concentration of the soil upon the development 
of wilt in broad bean 


pH value 
of soil 

Total no. 
of plants 

No. of diseased 
plants 

Percentage of 
diseased plants 

5.02-5.44 

93 

19 

20.4 

6.25-6.67 

138 

79 

57.2 

6.83-7.09 

174 

59 

33.9 

7.76-8.12 

101 

44 

43.5 

8.52-8.87 

78 

11 

14.1 


The difference in the total number of plants for each pH range was due 
to the varying number of pots and not to the effect of soil reactions on 
emergence of seedlings. Bean seed germinated and plants grew vigorously 
over the entire pH range. Abundant wilted plants appeared in the interval 
between pH 6.25 to pH 7.09, with the largest number occurring between 
pH 6.25 to pll 6.67. The results indicate that soil with slight acidity is 
most favorable to the development of the disease. Since wilting occurred 
over the entire range of pH tested, the application of fertilizers to change 
the soil reaction would not be of much value. 

Surveys of soil reaction were made on high and low bean lands heavily 
infested with the wilt organism in Kunming, China, and its vicinity. The 
soil reactions of 14 fields on high land were all slightly acid. The soils 
of 9 out of 22 fields on low land had either neutral or slightly alkaline 
reaction, and those of the remainder were slightly acid. It seems, therefore, 
that hydrogen-ion concentration of soil is not an important factor in limit¬ 
ing the development of wilt disease. 

PATHOGENICITY 

In a previous paper (29), it was reported that the fungus was unable 
to cause infection of common bean, cowpea, tomato, potato, wheat, corn. 
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oats, and carrot. Further inoculation experiments were made from time to 
time with attempts to find other hosts of the organism. Negative results 
were obtained with the following plants, including several legumes: rice, 
sweet potato, pepper, radish, soybean, hairy vetch, white sweet clover, white 
clover, and red clover. It was found that the fungus occasionally attacks 
pea and common vetches and causes yellowing in the lower leaves. 

MODE OF INFECTION AND PATHOLOGIC HISTOLOGY 

Infection may occur through rootlets, maid roots, and hypocotyl. In 
the field, infection occurs chiefly through the rootlets. The first symptom 
of the diseased root is the discoloration and shrivelling of rootlets: these 
frequently yield cultures of Fusarium avemceum, many of which are of 
the typical wilt producing strain. Infection appears to occur on any part 
of the main root although it takes a long time for the fungus to reach the 
inner part of the root through the epidermis (Fig. 3, A). The organism is 
different from the typical foot-rotting strains which usually produce con¬ 
spicuous cortical lesions and more rapid collapse of cortical tissues. 

Sometimes lesions are found on hypocotyls of young seedlings. In order 
to demonstrate that the fungus may infect the plants through hypocotyls, 
the following test was made. Surface-disinfected seed was planted in 
flower pots containing steam-sterilized soil. After the seedlings attained a 
height of about 3 inches, a layer of soil was removed and a mixture of 
melted paraffin and beeswax poured on the newly-exposed surface. A 
layer of infested soil was then laid on the paraffin layer which placed the 
diseased soil in direct contact with the hypocotyl. Seedlings were dug out 
at regular intervals for laboratory examination. Isolations made from the 
disease lesions on the hypocotyl yielded typical cultures of the fungus. 

Microscopic examination of an infected root indicated that the most 
significant development of the fungus occurred in the vascular tissues, 
especially the lignified xylem vessels (Fig. 3, B). The fungus rapidly grew 
upward along the tracheae to the stem. In the meantime, it penetrated the 
thick-walled xylem and invaded other vascular tissues. Certain xylem 
vessels contained granular gumlike deposits (Fig. 3, B, C, and D). After 
the plant had completely wilted, mycelia of the fungus were found in the 
cortex region. The distribution of the fungus in the stem tissues was the 
same as that in the root. Abundant mycelia were first found in the lig¬ 
nified xylem vessels CFig. 3, C). The fungus then penetrated the xylem 
wall to the cortex and from there invaded cambium and phloem (Fig. 3, 
D). Only in the latest development of the disease were mycelia found 
sparingly in tissues outside the endodermis. The fungus always grew up¬ 
ward and, in the later stage of the disease, usually extended through two- 
thirds of the stem. In no instance, however, could the fungus be isolated 
from the flowering pedicels. 

LONGEVITY IN SOIL 

Wilt producing species of Fusarium can usually live in soil for a con¬ 
siderable time. Starr (21) reported pea wilt was very destructive in a 
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field in southern Minnesota that had not grown a crop of peas for the previ¬ 
ous six years. Porter (18) found that Fusarium niveum can live for at 
least 16 years in the soil in the absence of watermelon plants. 

Diseased roots of broad bean were buried below the soil surface in 12- 
inch fiower pots partly sunken in the ground outside the laboratory. At 



Fig. 3. Cross-sections of young root and stem of a diseased broad bean plant in¬ 
fected by Fusarium avenaceum var. falae. A. Invasion of cortical region of the root by 
the fungus; B. Mycelium of the fungus in the xylem vesseLs of a root; C. Mycelium of the 
fungus in lignificd xylem of the stem; and D. Invasion of lignified xylem, unlignitied 
xylem, cambium, and phloem of the stem. 
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regular intervals, pots were removed to the greenhouse and planted with 
beans. The fungus remained viable for at least three years under these 
experimental eonditions as indicated by the production of wilted plants. 

OVERWINTERING STUDIES 

Fungi causing root-rot and wilt frequently overwinter on old stubble 
and other debris in the soil. The experiment on the longevity in soil of 
Fusarium avenaceum var. fahae described above indicates that the fungus 
ma,y live in the diseased roots throughout the winter. When cultures of 
the fungus grown on sterile wheat kernels were added to soil in flower pots 
and left outdoors, the fungus frequently sporulated in the spring on certain 
wheat kernels exposed on the soil surface. When these pots of infested soil 
were planted with broad bean seed, wilted plants were produced, showing 
that the fungus readily overwinters on debris in the soil or on its surface. 

DISSEMINATION 

Most of the wilt diseases caused by species of Fusarium have b(‘en found 
to be transmitted by seeds. Bolley (1) reported that flax wilt can be spread 
by way of seed on which spores of the fungus were lodged with dust at the 
time of threshing. Fulton and Winston (8) and Porter (18) have demon¬ 
strated the spread of watermelon wilt by diseased seeds. According to 
Edgerton and Moreland (5), spores of Fusarium lycopcrsici will remain on 
the surface of tomato seeds for about three months. Elliot and Crawford 
(7) showed that tomato seed naturally infected with F, lycopersici will 
carry the disease from field to field. The cotton-wilt fungus was also found 
to be seed-borne (6). In the case of pea wilt, Snyder (20) reported that 
it is sometimes transmitted by way of seed. Starr (21) found over 26 per 
cent of isolations from the seed coat of peas yielded the wilt organism, while 
no culture was obtained from cotyledons. Kadow and Jones (15) reported 
l)ea wilt f-ungus was carried to some extent by seed. On the other hand, 
Stokdyk (22) reported unsuccessful attempts to isolate F. conglutinans 
from cabbage seed and Kendrick (16) was unable to find the wilt organism 
F. iracheiphilum in cowpea seed. Linford also found no evidence of the 
wilt fungus being carried in pea seed. 

In order to learn whether the broad bean wilt organism is seed-carried, 
pods were collected from wilted plants whose disease was induced by arti¬ 
ficial inoculations ofdhe plants with pure cultures of the fungus. The 
identity of the disease was confirmed by isolation experiments. Seeds were 
removed from the pods aseptically and stored in glass bottles. Isolations 
made from the seed failed to demonstrate the presence of the fungus either 
on the seed coat or in the cotyledons. On the other hand, it is interesting 
to note that, in another course of studies of the fungus flora of broad bean 
seed, cultures of Fusarium avenaceum var. fahae were obtained from the 
seed coat, but that isolations made from cotyledons failed to yield cultures 
of the fungus. Apparently, the fungus may be present on the coat of broad 
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bean seed as a result of contamination at the time of threshing. In har¬ 
vesting, the entire bean plants including root systems are pulled out and 
carried to the farm yard where they are beaten by means of a swing-rod 
until all seeds are shed from the pods. Since F. avenaceum var. fdhae sporu- 
lates freely on the basal stem of the diseased plant, this method of threshing 
offers ample opportunity for the seed to become contaminated with the 
spores of the fungus. 

In Yunnan Province, broad bean is a winter crop and is rotated with 
rice. After the harvesting of beans in the first part of May, the rice fields 
are plowed and flooded in time for the transplanting of rice seedlings. As 
soon as the rice approaches maturity, the water is drained off and broad 
bean is sown between the rice plants. Since a rice field is flooded for about 
4 to 5 months during the year, this led to investigating the question of how 
long the fungus would remain alive when submerged in water. Sterile 
barley seed on which the fungus had been grown was mixed with steam- 
sterilized soil in large Erlenmeyer flasks. These were incubated at 26° C. 
for one month, then flooded with a layer of sterile distilled water over the 
soil surface. At regular intervals, a portion of the soil was removed from 
the flask and placed on a potato-dextrose-agar plate. The results of this 
test showed that the fungus could live submerged for at least 12 months. 
It will be seen, therefore, that water drained from a rice field which has been 
infested with the wilt organism may serve as an important means of 
spreading the disease. 

SUMMARY 

1. Fusarium avenaceum comprises physiologic rhees which differ in 
pathogenicity by producing either foot-rot or wilt of broad bean. In this 
paper, results of investigation of a typical wilt producing strain designated 
as F, avenaceum var. faiae are reported. 

2. Growth-temperature studies of the organism in Petri-dish cultures 
were made. The optimum for mycelial growth was 24°-26° C., the maxi¬ 
mum below 33° C., and the minumum 5°-6° C. 

3. The organism was capable of growing in media having a range of 
hydrogen-ion concentration from pll 4.5 to pH 8.9. Growth was most 
rapid between pll 5.8 and pH 6.7. 

4. Spores germinated over a wide range of temperature and most rapidly 
when temperatures approached the optimum for mycelial growth. Tem¬ 
peratures around 20° C. were most favorable for sporulation of the fungus. 

5. Dry and medium-moist soils were better for the development of the 
disease than wet and saturated soils. Medium-wet soil favored early de¬ 
velopment of symptoms; and dry soil, rapid death of affected plants. 

6. No experiments were made to determine the influence of soil tempera¬ 
ture upon broad bean wilt, although field surveys indicate that it is an 
important factor in limiting the distribution and severity of the disease. 

7. The influence of soil reaction on wilt development was tested by 
growing broad bean plants in infested soils with a hydrogen-ion concentra- 
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tion varying from pH 5.02 to pH 8.87. The largest number of wilted jjlants 
occurred over a range of pH 6.25 to pH 6.67, although wilting might occur 
at any point over the entire range. 

8. Fertilizers were found to have some influence on the development of 
wilt disease. More wilted plants were found in soils that had received the 
least quantity of ammonium sulfate. Poorer soils were more favorable than 
richer soils for the development of the disease. 

9. Infection of the plant may occur through rootlet, main root, and 
hypocotyl. Of the three, rootlet infection is by far the most important in 
the field. The fungus invades chiefly the xylem of the root and stem, and 
from xylem spreads to cambium and phloem tissues. In the cortex, the 
fungus grew slowly and sparingly and it was only in the late stage of the 
disease that the fungus was found in the cortex of a diseased bean stem. 

10. This fungus occasionally attacks peas and common vetches. 

11. The fungus remained viable for at least three years in diseased 
roots buried under the soil surface. In the field it lives for a considerable 
time on old stubble and other debris in the soil. 

12. No evidence has been found that the fungus was present inside the 
seed; but it was found on the seed coat, possibly by contamination at 
threshing time. 

National Tsing IIua University, 

Peiping, China 
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For several years a bJack rot of topped j^ardeii beets in storage has been 
one of the most important causes of loss of that commodity on the Chicago 
jnarket during the \vinter months. Rail shipments re(*eived from Canada, 
New York, and Texas, as well as truck shipments of topped storage beets 
from Illinois and nearby States, have shown appreciable amounts of black 
rot on arrival at the wholesale market and in retail stores. Although this 
disease occurs commonly in topped beets that have been in storage for a few 
months, it has never been fcnind in young bunch beets on the market. A 
survey of the literature shows that very little has been published on black 
rot in garden beets (4, 5, 7), although there is an abundant literature on a 
similar disease of sugar beets caused by Phoma betae (Oud.) Fr. (2, 3, 8). 
The present investigation was undertaken to determine whether or not 
black rot in garden beets is due to the same organism and to determine the 
degree of pathogenicity of the fungus for garden beets. 

Storage beets on the market usually show black rot at the tip of the root 
(Fig. 1, A, B), although it occasionally occurs at the crown and in wounds 
on the sid(* of the root. Because of the (*olor of the beets, the small lesions 
are usually overlooked. On casual inspection the decay is seldom observed 
until the affected tissues become black and slightly sunken or until a flat, gray¬ 
ish white surface mycelium becomes evident. Internally the decayed areas 
are dark brown to black with a sharp line of demarcation between the healthy 
and diseased tissue. At first the invaded tissues are brown and water-soaked, 
but in the older lesions the affected tissues are black and somewhat granular, 
eventually becoming dry and spongy. With age, cavities lined with mycel¬ 
ium may be found within the spongy tissue of the larger lesions (Fig. 1, B). 
Although considerable grayish white mycelium develoi)s on the surface of the 
older lesions under humid conditions no pycnidia have ever been observed on 
the beets. 

Isolations made from the advancing edge of black-rot lesions in storage 
beets have consistently yielded a species of Phoma. Cultures of the organism 
obtained from garden beets grown in various localities appear to be identical. 
Furthermore, studies made of five isolates of the garden beet organism in 
comparison with authentic cultures of Phoma betae from sugar beet indicate 
that they all are the same species. On potato-dextrose agar (pH 7) the 
garden-beet organism produced abundant pycnidia that ranged from 210 to 
560 in diameter. The conidia measured 4.3-8.1 x 2.9-5.8 /i, averaging 5.7 
X 3.5 /A. 

1 Scientific Aide, 2 Senior Pathologist, Division of Fruit and Vegetable Crops and 
Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural 
Research Administration, U. S. Department of Agriculture. 
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No significant differences were found in the morphological character¬ 
istics of the various isolates from garden beet and sugar beet lesions. The 
fungus causing black rot of garden beets is therefore considered to be identi¬ 
cal with Phoma hetae (Oud.) Fr., the organism described as the cause of the 
sugar-beet black rot. 

The cultures of Phoma hetae isolated from garden beets grew on potato- 
dextrose agar (pH 7) through a temperature range of 35° to 95° F. Opti¬ 
mum growth was obtained at 75° F. The average diameters of colonies 
developed on potato-dextrose agar in 7 days at temperatures ranging from 
35° to 95° F., in 10-degree intervals, are shown in figure 2. 




Fio. 1. A. Nai-aral lesion at the tip of the beet, showing surface mycelium. II. 
Longitudinal section of a beet with natural infection. 


In order to establish the degree of pathogenicity of Phoma hetae for 
garden beets, botli whole and sliced beets were inoculated. In whole beets, 
V-shape punctures i to i inch deep were made with a sterile scalpel and 
a square of agar bearing mycelium and pycnidia was placed in the wound. 
In other experiments, wells about J inch deep were made in whole beets with 
a sterile ^-inch cork borer and the inoculum was placed in the bottom and 
the plug replaced. 

In preliminary tests it was found that inoculated beets stored in moist 
sand remained in better general condition and developed more decay than 
those stored in moist chambers. Beets inoculated by the scalpel method 
and stored in moist sand for 6 weeks developed lesions averaging 5 mm. in 
diameter at 45°, 12 mm. at 55°, and 6 mm. at 65° F. Beets inoculated by 
the well method and stored at 50° for 4 weeks developed internal lesions 
ranging from 5 to 35 mm. in diameter. Both old storage beets and young 
bunch beets were inoculated in this fashion and in most instances greater 
decay developed in the older beets, thus indicating their greater suceptibility 
to invasion. 
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In further tests of pathoj?enicity, disease-free storage beets were cut 
aseptically into slices i inch thick and these were placed on Syracuse dishes 
in moist chambers with a small amount of water in the bottom of each 
chamber. Inoculations were made by placing a small amount of agar bear¬ 
ing mycelium and pycnidia from a vigorously growing culture of Phoma 
betae on the center of each slice. The moist chambers were held at 35^^, 45®, 
55®, 60®, and 65® F. After one month some decay developed throughout 
this temperature range, but the greatest depth of penetration (10 mm.) 
occurred at 45® and 55°. At these two temperatures, as well as the other 
three, the organism grew over the top of the slice to produce a flat gray 



Fig. 2. Growth of Phoma belae on potato-dextrose agar (pH 7) in seven days at 
various temperatures. 

mycelium covering ^ to J of the surface. In other inoculation tests, with 
slices of old storage beets in comparison with slices of young beets, it was 
found, as in the previous whole-root inoculations, that the rate of decay was 
slightly greater in the old beets. 

Five different cultures of Phoma betae from garden beets and 3 from 
sugar beets were used in inoculation tests to determine whether there was 
any difference among them in pathogenicity. Inoculated slices of storage 
beets were held at 50® F. for one month. At the end of this period all slices 
showed some decay, but 2 sugar beet isolates of P. betae produced slightly 
more decay than the garden beet isolates. Of the 5 garden beet isolates 2 
caused more extensive decay than the other 3, thus indicating the possibility 
that there may be some difference in pathogenicity between strains of P. 
betae] The organisms were recovered in each case by reisolation. 
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For inoculation studies with seedling:s, seed of the Detroit Dark Red 
variety was planted in the greenhouse. When the seedlings had developed 
their foliage leaves they were transplanted to larger pots, three seedlings 
per pot. When the plants were about one month old two pots were sprayed 
with a water suspension of Phoma spores of a garden-beet isolate, one pot was 
covered for two days and the other was left uncovered. No spots were ever 
observed on the leaves of either pot. Two weeks later two more pots were 
inoculated in the same manner with negative results. One month later two 
more pots were inoculated ; and in this lot, two days after inoculation, lesions 
were found on the older leaves of the plants in the pot that had been covered, 
but no infection occurred on the leaves of the plants that had not been 
covered. A sugar-beet isolate was also used to inoculate a pot of covered 
plants two months old, and similar leaf spots were produced within two days. 

In each case infection occurred only on the older leaves (9 cm. long). 
The spots produced were small (2 to 3 mm. in diameter) with tan centers 
and red borders. The lesions did not enlarge much with age. The center of 
some of the older spots dropped out, producing a shot-hole effect. Phoma 
hetae was reisolated from these leaf spots. 

Pool and McKay (6) found that only mature sugar-beet leaves are in¬ 
fected with Phoma bctae and then only through some lesions on the leaf’s 
surface, such as insect injuries. They also found pycnidia developing in 10 
days to 2 weeks on lesions 1 to 2 cm. in diameter, in the experiments re¬ 
ported here on garden beets, leaf spots developed on leaves that had not in 
any known way been injured mechanically. However, the growth of the 
lesion was halted in some way and no pycnidia developed on lesions one 
month old. 

Repeated attempts to infect beet seedlings by inoculating the soil with 
water suspensions of spores, by burying the mycelium and pycnidia in the 
soil, or by burying rotten beets in the soil have failed, except in one case 
where a piece of inoculum was placed in the hole and a seedling was trans¬ 
planted on it. These results indicate that the fungus is a weak pathogen 
and is not able to infect uninjured seedlings. Edson (2) considered Phoma 
capable of infecting beets only during periods of especial susceptibility, such 
as old age or low vitality. 

Pool and McKay (6) list beet balls (seed), wind, irrigation water, insects, 
and dung as the agents of dissemination of Phoma spores in sugar beet 
fields. They considered the seed to be the, most effective agent of dispersal, 
with wind and irrigation water playing secondary roles. Coons and Stewart 
(1) found Phoma present in carefully selected sugar beet seed. 

Seeds of the Detroit Dark Red variety were bought from three commer¬ 
cial sources and germinated in moist cheesecloth. Over half of the seedlings 
were killed by Phoma in two of the lots. In the third lot about 20 per cent 
of the seedlings were infected. The blackened seedlings were examined 
microscopically and found to be covered with pycnidia of Phoma hetae. The 
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fungus was isolated from the seedlings and was proved to be pathogenic for 
beets by inoculation tests. 

In studies on the longevity of Phoma hctae in garden-beet seed, Newton 
and Bosher (5) found that death of seedlings caused by Phoma decreased 
over a period of 5 years from 30 to 5 per cent. No decline in percentage of 
seed germination was noted. 

Edson (2) showed that in sugar beets Phoma may live for a long time 
in inconspicuous lesions on seedlings and roots and eventually cause severe 
rot of the roots in storage. The studies here presented indicate that in¬ 
fection and decay of garden beets caused by Phoma bctae probably occurs 
in the same manner as Phoma rot in sugar beets. 

SUMMARY 

A black rot of garden beets from storage is described as it occurs under 
market conditions. Comjiarison of the fungus isolated from garden beet 
lesions with Phoma hctae from sugar beets indicates that they are the same 
species. 

Optimum growth of Phoma hetae from garden beet on potato-dextrose 
agar occurred at 75° F. with almost equal growth at 65° and 85°. Wound 
inoculations produced infection of both old and young garden-beet roots, 
but most severe decay occurred in the old roots. 

Beet plants grown in the greenhouse and atomized, when about 2 months 
old, with a water suspension of spores of Phoma hetae developed leaf spots 
in the older leaves; younger plants similarly inoculated were not infected. 

In germination tests in the laboratory, with three lots of commercial 
garden beet seed, 20 to over 50 per cent of the seedlings were killed by this 
fungus. 

Division of Fruit and Vegetable Crops and Diseases, 

U. S. Department of Agriculture, 

AND 

Department of Botany, 

University of Chicago. 
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ANGULAR LEAF SPOT OP KUDZU CAUSED BY A NEW SPECIES 
OP MYCOSPHAERELLA^ 

J. L. Wkimer and E. S. Luttrell2 
(Accepted for publication January 3, 1948) 

INTRODUCTION 

In October, 1946, a leaf disease of kudzu (Pueraria tJmnhergiana Benth.) 
not hitherto observed was seen in a planting^ at Experiment, Georgia. The 
disease appeared to be responsible for the premature shedding of many 
leaves and varying degrees of injury to others. Observations were made in 
other kudzu plantings, and the disease was found at two additional loca¬ 
tions, one a 20-year-old planting, also on the Experiment Station grounds, 
and the other a commercial planting 15 miles distant. In May, 1947, the 
same disease was found in several counties in central and south Georgia and 
in two locations in Alabama. Bain and Presley (1) reported having found 
the same leaf spot in Mississippi in the summer of 1946. The potential 
seriousness of this disease has made it worthy of further study. The results 
of an investigation into its nature and cause form the basis of this paper. 

SYMPTOMATOLOGY 

The disease seems to be limited to the leaves of the kudzu plant, leaves 
of all ages being susceptible. The lesions usually are angular, although 
some tend to be circular. Since the angular outline is the ’most characteristic 
feature of the lesion, the common name angular leaf spot is suggested 
(Fig.l,A). 

At first the lesions are evident only on the upper side of the leaf, but 
eventually they involve the entire thickness of the leaf and are visible on 
both sides. Young lesions are light brown, but they gradually darken to 
dark brown or almost black. They often have a yellowish margin or a 
slight yellowish halo. Old lesions may have dark gray centers with darker 
margins. The lesions, scattered in a miscellaneous manner over the leaf, 
are small at first but gradually enlarge, often merge, and eventually in¬ 
volve large areas or even the entire leaflet. In the field individual lesions 
most commonly vary from 1 to 10 mm. in diameter. The lesions may be 
more or less thickly covered with dark brown conidial tufts, which are 
abundant on the upper surface of the leaf, but sparse on the lower surface. 
When large areas of the leaflet have been killed, as when the lesions are 

1 Cooperative investigations between the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, United States Department of Agriculture, and the Georgia Agricul¬ 
tural Experiment Station, Experiment, Georgia. Paper No. 172, Journal Series, Georgia 
Agricultural Experiment Station. 

2 Senior Pathologist, Division of Forage Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture, and As.sociate Botanist, Georgia Agricultural 
Experiment Station, respectively. 
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sufficiently numerous or when many of them have coalesced, the remaining 
tissue may turn yellow and finally brown, and the entire leaflet may fall 
off. Practically the entire upper surface of some of these dead leaflets may 
be covered with conidial tufts. 





Fig. 1. A. Angular leaf spot on kudzu leaflets resulting from natural infection. 
Leaflet at the left was healthy. The other two leaflets illustrate the appearance of the 
lesions on the upper (center) and lower surfaces (right), respectively, x B. Halo 
spot on kudzu leaflets resulting from natural infection. The leaflet at the left had 
lesions with a small necrotic center and large halo and that at the right had halo spot 
lesions with relatively large necrotic centers and small but very conspicuous halos, x 

So far as known, the only disease of kudzu that might be confused with 
angular leaf spot is halo spot, {Pseudomonas phaseolicola (Burk.) Dow- 
son). In some stages of their development it is difficult to distinguish 
these two diseases, although in other stages they differ greatly. The halo 


350 


Phytopathology 


[VoL. 38 


spot lesion commonly seen in nature during the early part of the growing 
season or during wet spells, has a small dead center surrounded by a rather 
large halo (2, 3). When the spots are numerous the halo is small (Pig. 1, 
B). When the halo is small and the necrotic center relatively large, halo 
spot is similar to young lesions of angular leaf spot. In well developed 
lesions of angular leaf spot, however, the halo is much less pronounced 
(Fig. 2, A); and if the humidity has been high, conidial tufts of the causal 
fungus may be seen scattered over the upper surface of the lesion. 

Infected leaflets held in a moist chamber over night have bacterial ooze 
on the lower surface in the case of halo spot or conidial tufts on the upper 
surface in case of angular leaf spot. 

ETIOLOGY 

Taxoriomy 

The fungus associated with angular leaf spot of kudzu appears to be 
identical with Cercospora pueraricola Yamamoto (8). A spermagonial 
and a perithecial stage have been found in the course of this study. Since 
the perithecia are spherical, short necked, embedded singly in the host leaf 
tissue, and have hyalodidymous ascospores and fasciculate, aparaphysate 
asci, this fungus should be placed in the genus Mycosphacrella, Since the 
perfect stage has not been reported previously, it is described as follows: 


MycosphaereUa pueraricola sp. iiuv. 

Stat. Conid.: Cercospora pueraricola yamamoto. Trans. Bapporo Nat. Hist. Boc. 
13(3): 142-143. 19,34. 

Peritheciis pleruiiKpie epipbyUia, puiudiformibus, in inaeulis- dispositis, nigris, in- 
natis, sphaeroideis, 61-93 g tmedio 71.2 g) diam., poro praedilis; ascis fascicjulatis, 
aparaphysatis, clavatis, breve stipitatis, octosporis, 44.8-00.8x9.3-9.9 g; ascosporis 
hyalinis vel pallide viridnlis, 1-septatis, ad septum leniter eonstrictis, fusoideis, rectis 
vel inaeipialibus, utrinquo obtusiuseulis, distieliis, guttulatis, 14.3-22.2x2.7-4.5 g (medio 
19.7x4.2 g). 

Hab. in verc in foliis dejectis ruerariae thunhrrf/ianne Benth., Experiment, Georgia 
U.S.A. 

Spermagoniis nigris, punctiformibus, innatis, globosis, 42-67 g (medio 52.7 g) diam., 
poro praeditis, plerumque epiphyllis, cum stromatibus ascogonialibus in maculis aggrega- 
tis; spermatiis hyalinis, bacillaribus, plerumque 3 x 1 g. 

Hab. in autumno in foliis vivis atque dejectis ruerariae ihunhergianae. 

Status conidicus: Maculis 1-10 mm. diam., angulosis, bruiineolis, dein nigro-briinneis, 
zonis flavidis circumdatis; conidiophoris plerumque epiphyllis, simplicibus, 1-6 septatis,' 
non-constrictis, 20-84x4-4.5 g. erectis vel sub-erectis, laxe fasciculatis, olivaceo-bruiiueis, 
erumpentibus, e stromate sphaerico, fusco, pseudo-parencliymatico, innato oriundis; 
conidiis hyalinis vel pallide olivaceis, cylindrico-obclavatis, rectis vel curvulis, 1-16 
septatis, non-constrictis, vertice attenuatis, basi rotuiidatis vel truncatis, 25.2-126x3.0- 
5.3 g (medio 69.7 x 4.3 g). 

Hab. in vera, aestate, atque autumno in foliis vivis Puerariae thunbergianae. 

Type collection B.P.l. no. 71516, Experiment, Ga. May, 1947, Weimer and Luttrell. 


Collections of both the perithecial and conidial stages have been depos¬ 
ited in the Mycological Collections of the Bureau of Plant Industry, the 
Farlow Herbarium, Harvard University, and the Royal Botanic Garden at 
Kew, Surrey, England. 
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Fio. 2. A. Heavy natural infection of kudzu leaflets with angular leaf spot. 
Lesions have a relatively large amount of necrotic tissue and small halos, x B. Two 
monofoliate kudzu seedling leaves with angular leaf spot lesions resulting from inocula¬ 
tion. Some lesions have a faint or conspicuous yellowish halo but the affected tissue is 
largely necrotic. Inoculated with a culture of the conidial stage on January 14, 1947, 
and photographed February 12, 1947. x 1^. C. Healthy leaf at left. Upper and lower 
leaves at right illustrate lesions on the upper and lower surfaces, respectively, 47 days 
after inoculation in the greenhouse. x|. D. Two trifoliate leaves showing angular 
leaf spot lesions 66 days after inoculation with a conidial culture, x i. E. Three 
monofoliate seedling leaves with lesions resulting from inoculation with a pure line asco- 
spore culture. These lesions are identical with those produced by the conidial culture. 
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Isolations and Inoculations 

The Cercospora stage of the angular leaf spot fungus was isolated by 
placing infected leaves in a moist chamber for 24 or 48 hours and then 
transferring spores from the conidial tufts to agar by means of a sterile 
needle. Tissue plantings from leaves brought from the field often gave a 
Colletotrichum sp. that was acting as a secondary invader. The Cercospora 
grows slowly in culture and produces conidia sparsely on some media. 
Cultures of the ascospore stage used in these investigations were obtained 
by catching ascospores shot from pieces of the over-wintered leaves on agar 
and transferring single spores or groups of spores to agar tubes. 

Since conidia from culture were not sufficiently abundant to be satis¬ 
factory for inoculation purposes, a combination of macerated hyphae and 
spores was used. The fungus was grown on a liquid medium made accord¬ 
ing to Leonian's (5) malt-agar formula with the agar omitted. The fungus 
colonies were removed from the culture medium, macerated in sterile tap 
water, and placed on the leaflets to be inoculated. 

An inoculation experiment was set up on January 14, 1947, in which 
very young colonies of the fungus obtained from conidia and grown on 
Leonian^s medium were used as inoculum. The plants inoculated were 
seedlings grown from seed collected locally, scarified by immersing in 
commercial sulphuric acid for one hour at 60° F. as described by Tabor 
(6), planted in sterilized soil in pots, and held in the greenhouse. The 
plants when inoculated were very small, usually having two inonofoliatc 
and one trifoliate leaf each. One or more pieces of inoculum were placed 
on each monofoliate leaf of 13 plants. Two plants in one pot were held as 
controls. After being inoculated, the plants were kept in a moist chamber 
for 96 hours at temperatures varying from 23° to 25° C. No leaf spot 
resulting from inoculation was positively identified until February 3, 1947. 
when a few spots from 1 to 2 mm. in diameter were evident on some leaves. 
These lesions slowly enlarged and additional ones became evident. On 
February 11, a total of 9 leaves on six inoculated plants had one or more 
lesions. There was no infection of the control plants. The lesions at first 
were yellowish to light brown, but gradually darkened to very dark brown, 
often with a yellowish border as illustrated by two monofoliate leaves 
shown in figure 2, B. Twenty-four of the 26 leaves inoculated had one or 
more typical lesions on February 26. The fungus was recovered from 
some of the infected leaves by placing them in a moist chamber for 24 hours 
and then picking off spores and transferring them to agar. 

A second experiment was initiated on January 27, 1947, using the 
same methods except that the inoculum was placed on the under sides of 
the leaves where stomata are much more abundant. Leaves on nine seed¬ 
lings were inoculated, and two seedlings were held as controls. The tem¬ 
perature in the moist chamber varied from 22° to 27° C. during the time 
the pots were held there. On February 11, there were no lesions that could 



1948] Weimkr and Luttrell: Leaf Spot of Kudzu 353 

be recognized with certainty, but a few small spots were suspected of being 
immature lesions. By February 26 there were typical lesions on most of 
the leaves that had been inoculated. The lesions were sufficiently numerous 
and large to involve and kill considerable areas of some leaves (Pig. 2, 
C and D). The fungus was recovered from a number of lesions, and an 
abundance of spores formed on the lesions when held in a moist chamber 
for 24 hours. It is evident that in less than a month from the time of inoc¬ 
ulation a large part of some leaves had been invaded and killed. For the 
most part the lesions ranged from 2 to 4 mm. in diameter, except when 
they had merged and involved larger areas. The earliest symptoms of in¬ 
fection were not apparent until about two weeks after inoculation. Infec¬ 
tion can take place from either the upper or the under side of the leaf. 
Further inoculation experiments demonstrated that the fungus isolated 
from the lesions resulting from inoculation was equally as pathogenic as 
the original isolate. 

Proof of the pathogenicity of the perfect stage of this fungus was 
obtained in an experiment initiated April 21, 1947. Young seedlings hav¬ 
ing only monofoliate leaves and grown from sterilized seed planted in 
sterilized soil were used. Three cultures were used in this experiment: 
(1) one of the original conidial cultures whose pathogenicity had been 
proved, (2) an isolate from a leaf infected in a previous experiment, and 
(3) a culture from a single ascospore. The inoculated plants were held in 
the moist chamber at temperatures of 25° to 28° C. for 96 hours. The first 
evidence of infection was noted on May 7, and by May 14 typical 
Cercospora lesions were present on some of the leaves inoculated with the 
ascospore culture. On May 19, nine plants inoculated with the ascospore 
culture had one or more typical lesions on one or both of the leaves inoc¬ 
ulated, or a total of 14 out of 18 leaves were infected (Fig. 2, E). 
Seven of the 10 leaves on five plants inoculated with the orginal conidial 
isolate and* five of the 12 leaves inoculated with the reisolate showed 
infection. There was no infection on any of the control plants. Thus 100 
per cent of the plants inoculated had one or more leaves infected. Perhaps 
it should be explained that usually only two, rarely three, of the monofoli¬ 
ate leaves are produced by a seedling, hence only two leaves could be 
inoculated in the earliest seedling stage. The results of this experiment 
prove the pathogenicity of the ascospore stage and show that it produces 
lesions identical with those produced by the conidial stage under identic^al 
conditions. This constitutes proof of the connection of the conidial and 
perithecial stages of the fungus. 

life history 

Isolates of the fungus grew slowly on all media employed, namely, oat 
meal, corn meal, Bacto nutrient, and Leonian’s malt agars, Leonian^s malt 
agar formula with the agar omitted, sterile oats, and kudzu stems. Of 
these media, Bacto nutrient agar was the least satisfactory. Leonian^s 
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agar was slightly better than corn meal or oat meal agars. Growth of the 
fungus on agar was most rapid at 26°-28° C. No growth took place at 
36° C., and it was very slow at 7°—8° C. The colonies were hemispherical 
in shape and olivaceous in color. When the growth was submerged, they 
were darker. The hyphae soon became olivaceous to dark brown and, 
under suitable conditions, formed conidia. The conidiophores were pro¬ 
duced singly on the vegetative hyphae as simple branches growing at right 
angles to the parent hyphae (Pig. 3, C). Each conidiophore was divided by 
septations into three or four cells. Anastomoses between hyphae and be- 




FiG. 3. A. Conidia of Mycoaphaerella pneraricola. x 750. B. Ascospores of M. 
pueraricola. x 750. C. Different stages in the development of conidia of M, pneraricola 
in an ascospore culture, x 750. 


tween hyphae and conidiophores were frequent. The conidia were borne 
singly at the apices of the conidiophores and were identical with those 
produced in the field on kudzu leaves. Conidi al production was not abun¬ 
dant on any medium. 

The fact that isolates from ascospores were identical in appearance and 
growth response in culture to those obtained from conidia and that the 
mycelium of the former produced identical conidia in culture is additional 
proof that these spores are different stages of the same fungus. 

Primary infection of kudzu leaves in the spring is accomplished by 
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either ascospores or conidia from overwintered leaves infected during the 
previous season. Study of cleared pieces of kudzu leaves showed that 
stomata are relatively rare on the upper surface. Since infection takes 
place readily when inoculum is placed on the upper surface of the leaf, it 
seems probable that the fungus is capable of direct penetration of the 
epidermis. The mycelium is both intracellular and, at least in late stages, 
intercellular. Inoculation experiments showed that the incubation period 
is approximately two weeks. At the end of this time the occupied tissue 
becomes necrotic, and the fungus fruits in the dead tissue of the resulting 
leaf spot. The conidial fructifications consist of erumpent clusters of 
densely crowded, erect or suberect conidiophores arising from globose, 
pseudoparenchymatous stromata embedded in the mcsophyll. The conid¬ 
iophores usually are simple, 1-6-septate (commonly 3-4-spptate), non-con- 
stricted at the septa, olive-brown, somewhat lighter in color and slightly 
attenuated at the apex, and measure 20-84 x 4-4.5 fx. Often one or more 
old conidial sears are visible. The conidial tufts are formed on both 
surfaces of the leaf but occur more commonly on the upper surface. 

Conidia are formed abundantly on the host during wet weather and on 
leaves held in a moist chamber for 24 hours. The conidia (Fig. 3, A) are 
almost hyaline to pale olive, straight or more commonly curved, cylindric- 
obclavate, truncate or rounded at the base, rounded at the tip, distinctly 
tapering toward the apex and slightly near the base, 1-16-septate, non- 
constricted at the septa, and measure 27.3-126 x 3.2-5.3 /x (av. 72.7 x 4.3 /x). 
They are borne singly at the apices of the conidiophores. In the formation 
of a conidium the conidiophore produces a bud at the apex. This elongates 
and becomes septate to form the conidium. The developing conidium is 
marked off from the conidiophore by a constriction. At maturity it sepa¬ 
rates from the conidiophore at a cross wall laid down in this constriction. 
The truncate base of the conidium thus marks its point of attachment to 
the conidiophore. 

The conidia produced on the host constitute a source of inoculum for 
repeated infections of new leaves throughout the growing season. The 
conidial stromata may overwinter on fallen leaves and produce conidia the 
following spring. The fungus, therefore, is capable of surviving from year 
to year in the conidial stage alone. 

Spermogonia and perithecial initials develop within the lesions on 
moribund or dead leaves during the fall. Although they may be present 
on both surfaces of the leaf, they are much more abundant on the upper 
surface. In the earliest stages of their development they cannot be dis¬ 
tinguished. Both structures originate from the internal mycelium as small 
stromata. They appear in the mesophyll just beneath the epidermis and 
usually are formed independently of the conidial stromata. The stromata 
enlarge until they raise the epidermis and finally become erumpent at the 
apex. The outer layers of cells are brown and thick-walled. Hyaline cells 
form a plectenchymatous or pseudoparenchymatous core. Although they 
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remain similar in external appearance, spermogonia and perithecia differ 
in further internal development. The hyaline colls in the interior of the 
developing spermogonium produce quantities of hyaline, bacilliform sper- 
matia measuring apx)roximately Sxl fi. As the sperinatia are formed the 
cells that produced them disintegrate, leaving the spermogonium at matur¬ 
ity composed of a thin wall, one or two cells thick, enclosing a mass of 
spermatia. At the protruding apex the spermogonium is provided with a 
pore through which the spermatia emerge. Spermogonia are irregularly 
globose and measure 42-67 fi (av. 52.7 fx) in diameter and 54-67 /x (av. 
59.2 /x) in height. 

Within the pseudoparenchyma filling the perithecial initial two or three 
enlarged ascogonial cells are formed. They are not noticeably more deeply 
staining than the surrounding cells but are consy)ieuons because of the 
single, extremely large nucleus in each cell. Trichogynes have been found 
projecting from the apex of the perithecial initial, but their connection 
with the ascogonia has not been traced. During the winter the perithecia 
continue to enlarge, and in the following spring a fascicle of asci pushes 
up from the base of the peritheciurn into tlie central pseudoparenchyma 
which is crushed and disintegrated. At maturity the peritheciurn is 
spherical with a short, ostiolate neck at the apex which protrudes through 
the epidermis. Perithecia measure 61-93/x (av. 71.2/x) in diameter and 
70-115^ (av. 86.7/x) in height. The wall is composed of one to three 
layers of brown, thick-walled cells. The central cavity is occupied by a 
cluster of clavate, aparaphysate asci, each containing eight irregularly bi- 
Seriate ascospores. The asci measure 44.8-60.8 x 9.3-9.9 /x. The asco- 
sporcs (Fig. 3, B) are hyaline to pale green, 1-septate, slightly constricted 
at the septum, fnsoid or clavate, straight or slightly curved, rounded at 
either end, and measure 14.3-24.2 x 2.7-4.5 /x (av. 19.7 x 4.2 /x). Each cell 
of the ascosi)ore usually contains a large globule near the septum and one 
or several smaller ones near the tip. When the perithecia arc moistened, 
the ascospores are forcibly discharged. They germinate readily, sending 
out a germ tube from each end of the spore. 

In 1947 mature ascospores were not found in field material until May. 
This was an unusually late season, however, and doubtless they usually 
develop earlier. When leaves were brought in from the field and keyit in 
a moist chamber, ascospores develoi^ed in April. 

The fungus probably is carried to new^ localities on planting stock. 
Although the crowns are dug and transi)lanted in late winter or early 
spring after the leaves have fallen, it is possible that fragments of old 
diseased leaves containing the sclerotia-like fruiting bodies of the fungus 
are transported with the young plants. 

CONTROL 

No studies on the control of angular leaf spot of kudzu have been made 
but a knowledge of methods of propagating this plant suggests certain 
precautions that might be helpful. 
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During the 1930 decade considerable seed was imported from Japan. 
Because seed has not been available from this source in recent years, prop¬ 
agation by means of crowns has become the accepted practice. It seems 
probable that seed may soon become more abundant and again come into 
common use. Kudzu seeds need scarification before planting and the 
method reported by Tabor (6), namely, soaking the seed in concentrated 
commerical sulfuric acid for one hour at 60° P., should serve not only to 
scarify the seed coats but to disinfect them as well. It is not known 
whether the fungus ever enters the seed, but this seems improbable. So far 
as known, it attacks only the leaf tissue. 

The difficulty of completely removing the fungus from other propagating 
material is obvious. Johnson (4) recommends soaking the vine cuttings 
for 20 minutes to one hour or longer in a 0.1 per cent solution of potassium 
permanganate just before planting to stimulate root growth. It seems 
certain that this chemical at the recommended strength would have little 
if any fungicidal value. It is possible, of course, that other fungicides 
could be found that would be effective and not injure the tissue. Perhaps 
for the present it would be sufficient to use every precaution to free the 
propagating material of all old leaf tissue and soil particles that might 
harbor the fungus. 

If, as now seems probable, this disease has been in the United States 
for a number of years without having attracted more attention, control 
measures, other than the precautionary ones suggested above, may not be 
needed. Yet in some instances observed the plants had lost a considerable 
proportion of their foliage. The fact that kudzu is a perennial and the 
planting remains in the same location for several years should offer excel¬ 
lent opportunity for the fungus to become more abundant and more 
destructive each year. On the other hand, the plant grows so rapidly that 
a severe epiphytotic would be required to destroy it. 

DISCUSSION 

Since this disease has been reported from Formosa (8) and China (7), 
it seems probable that it is widespread in the Orient. No specific reference 
to the occurrence of angular leaf spot in Japan has been found. All of the 
kudzu seed used in the United States from 1910 to 1940, or until the supply 
was cut off, is said to have come from Japan. It is not known to the 
writers whether some of this seed originated from Formosa, which has been 
classed by some Atlases as south Japan. At any rate the most logical 
explanation of the presence of this disease in the United States seems to be 
that it was imported with the seed. This suggests that the fungus is pro¬ 
bably widespread in this country, especially in sections where the imported 
seed was planted. The recent report of its occurrence in Mississippi and 
the present report of its presence in Georgia and Alabama support such a 
supposition. It seems probable that this disease has been over-looked 
previously because of its similarity in appearance to certain stages of halo 
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spot. The kudzu plant grows so rapidly that the older leaves are more or 
less covered. The angular leaf spot develops rather slowly so that often 
it probably is not sufficiently abundant to attract attention until fairly late 
in the season. 


SUMMARY 

The symptomatology and etiology of a leaf spot of kudzu {Pueraria 
thunbergiana Benth.) herein designated as angular leaf spot, is described. 
The causal fungus appears to be identical with Cercospora pueraricola 
Yamamoto. Until recently the disease had been reported only from the 
Orient. A recent report by Bain and Presley, together with the present 
one, show that the disease is present in Mississippi, Georgia, and Alabama, 
and probably is much more widespread than was formerly supposed. 
Lesions, which are confined to the leaves, are 1 to 10 mm. in diameter, dark 
brown, often with a yellowish margin, and, during damp weather, with 
numerous conidial tufts largely confined to the upper surface. Lesions 
may coalesce and involve large areas of the leaf and cause defoliation. 

The perfect stage of the causal fungus was found on overwintered 
kudzu leaves. The ascospore stage was isolated, and its appearance in 
culture and its pathogenicity prove that it is identical with the conidial 
stage associated with the disease on living leaves. The characteristics of 
the perithecial stage place the fungus in the genus Mycosphaerella, and 
it is described as new under the name M. pueraricola. 

U. S. Department of Agriculture 

AND 

Georgia Agricultural Experiment Station 
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CANKER OP TUNG TREES CAUSED BY 
PHYSAT.OSPORA RHODINA 


John R. Large^ 

(Accepted for publication January 16, 1948) 

In the late summer of 1944 a canker disease of tung nursery trees 
caused by Diplodia theohromae (Pat.) NowelP {D. natalensis Evans) was 
found on about 300 trees in a tung nursery in Pearl River County, 
Mississippi. Later the same symptoms were observed in an extensive 2- 
year-old orchard in the same county. At four different points in this 
orchard one or two trees were severely affected and several had cankers on 
one or more branches. In October the disease was observed on several 
8-year-old trees in another large Pearl River County orchard. Subse¬ 
quently about 75 trees, affected in various degrees, were found in a newly 
planted orchard in St. Tammany Parish, Louisiana. During 1945 and 
1946, infected trees have been found in four additional orchards in Pearl 
River County. 


LITERATURE 

Eddins and Voorhees (1) inoculated tung and 30 other host plants 
with mycelia from pure cultures obtained from pycnospores of the imperfect 
stages of Physalospora zeicola, l\ rhodina, and Diplodia tithericola, Edson 
and Wood (2) reported Diplodia natalensis as a pathogen causing crown 
girdle of tung. Verrall (9), after inoculating small tung trees with 10 
isolates, concluded that none of the isolates used was sufficiently patho¬ 
genic to cause more than small temporary eankers i\mt soon callused over. 
Stevens and Wilcox (8) found that the pycnospores of many species of 
Diplodia from various tropical hosts in different parts of the world, were 
identical, and the cultures showed the unusual characteristics of growing 
at 37° C. and turning potato-dextrose agar pink at that temperature. Pole- 
Evans (4) called attention to the fact that Diplodia natalensis {D. theo- 
iromae) fruits more readily on apples than on citrus fruit. Ramsey et al. 
(5) inoculated sweet potato, apple, and orange with the onion Diplodia, 
and gave detailed description of the development of the disease on the apple. 

SYMPTOMS 

During late summer and early fall the disease as observed on tung in 
Mississippi and Louisiana was characterized by black sunken cankers on 
the trunks, limbs, twigs, shoots, or leaf petioles. Sometimes the canker 
girdled the trunk, killing the tree back almost to the soil level, after which 

^ Assistant Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soi&, and Agricultural Engineering, Agricultural Research Admin¬ 
istration, U. 8. Department of Agriculture. 

* Specific determination of the organism was made by John A. Stevenson, Division 
of Mycology and Disease Survey, U. 8. Department of Agriculture. 
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new shoots developed just below the canker. In other cases only a single 
branch, such as the tip of the central leader, was affected. When a canker 
girdled the trunk or branch, the leaves wilted suddenly and the affected 
part died. The following spring many of the dead branches developed ash 
grey cankers with numerous black perithecia scattered over the surface. 
This is characteristic of Physalospora rhodina, as described by Voorhees 
( 10 ). 

In the fall dead branches were collected for study and pycnidia con¬ 
taining single-celled hyaline spores 13-27 /x x 6-15 /x, averaging 24 jn x 
14 /X and resembling spores of Macrophoma, were consistently observed on 
these branches. This material was studied a year later and several dark 
bicellular spores 19-24 /xx 10-12 /x, averaging 22 /xxll /x, were observed. 
Fawcett (3) stated that this change from single celled spores to bicellular 
spores is typical of the fungus Diplodia natalensis (7). theohromae). 

Cultures from spores obtained from tung material, as well as tissue 
cultures from the margin of the canker and from the black pith of the 
diseased branch, developed dark mycelium which gradually turned the 
culture brown to dark brown, appearing black in mass, which is character¬ 
istic of cultures of the fungus Diplodia natalensis (/>. Ihcohromae). Cul¬ 
tures from these isolations were used for pathogenicity studies. 

Perithecia which contained hyaline asci and ascospores characteristic 
of Physalospora, were observed on the ash grey twig cankers. The asci 
were 63-75 /xx 20-22 /x; the ascospores 15-24 /xx8-9 /x. When sectioned 
•transversely, the contents of the mature perithecia were almost snow white. 
Shear, Stevens, and Wilcox (6) consider this a characteristic which makes 
it possible to identify ihe genus Physalospora in the field. 

PATHOGKNTCITY 

Cankers of the disease have been produced on stems of one-year-old tung 
trees inoculated in the greenhouse with isolates of the fungus growing on 
agar medium. The pathogen was later reisolated from the inoculated steins. 
In all cases 10-day-old cultures of the fungus on potato-dextrose agar, in 
Petri plates, were employed for the inoculations. A block of the agar 
culture approximately a half inch square was applied to the surface of the 
tung stem, which had been injured by punctures with a sterile needle. The 
agar medium was then covered with wet cotton, tied around the stem with 
string and the entire stem tip inserted into a paper bag which was tied shut 
below the point of inoculation. The bags and cotton were removed three 
days after inoculation . Controls were treated similarly to the above, but 
sterile agar blocks were used. The results of the inoculations are shown 
in table 1. 

The portion above the canker of the two trees first infected died within 
3 days after inoculation and manifested the characteristic darkening of the 
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pith and ashy grey stem areas covered with black pycnidia which appeared 
snow white in cross section. The trees that became infected later developed 
symptoms of the disease very slowly. After three months the cankers 
formed on the inoculated stems were only 2 cm. long by 1 cm. wide. In no 
case did the canker girdle the stem. Evidently the difference in rate of de¬ 
velopment of the disease was due to the vigor of the inoculated plant. 
Voorhees (10) and Verrall (9) noted the slow extension of the infection on 
inoculated woody stems, due to the formation of callus tissue which pre¬ 
vented further spread of the fungus. 

Reisolations of the fungus, three months after inoculation, from 10 
cankers gave typical growth of Diplodia on potato-dextrose agar, identical 
with the parent cultures. 

The injuries on the check trees healed within three weeks. 


TABLE 1.— Results of inoculating young tung trees with pure mycelial cultures 
of Diplodia theohromae 




Number of trees infected 

Method of inoculation 

Number of 
trees inoculated 

15 days 

after 

90 days 

350 days 

Mycelial cultures placed 

over wounds in the stem .. . . 

60 

2 

28 

36 

Control: stem wounded and 
covered with sterile agar 

10 

0 

0 

0 


EFFECT ON APPLE FRUITS 

Ripe apples inoculated with the tung Diplodia developed typical black 
rot symptoms, which Ramsey et al, (5) have described as follows: ‘‘Apples 
inoculated through a side wound developed an extensive brownish-black 
lesion within a week, and ultimately the whole fruit was converted into a 
black, moderately firm mummy. Pycnidia were formed in the peel and the 
internal tissues were full of large hyphae, typical for Diplodia.^^ Single- 
celled hyaline spores were observed in the pycnidia, one week after in¬ 
oculation, and dark colored bicellular spores were observed a month later. 
These results are in agreement with those of others (1, 5, 7, 9, 10) who 
have shown that strains of Diplodia from a wide variety of crop plants are 
similar morphologically and produce similar symptoms when cross-in¬ 
oculated on a number of different host plants. 

EFFECT OF TEMPERATURE ON CHROMOGENESIS 

Stevens (7) found that cultures of Diplodia showed the unusual charac¬ 
teristic of growing at 37® C., and that many strains turned potato-dextrose 
agar pink at that temperature. Voorhees (10) observed that stock cultures 
of several races of Physalospora rhodina growing on potato-dextrose agar 
at approximately 17® C. showed chromogenesis. However, when subcul- 
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cultures from the stock cultures showing this character were made on 
potato-dextrose agar in Petri dishes and incubated at 35° C. or below, no 
color developed. 

The cultures of Diplodia reisolated from inoculated tung trees showed 
chromogenesis when grown on cornmeal agar stored in a refrigerator at 
approximately 17° C., on Difco potato-dextrose agar in test tubes held at 
37° C., and on potato-dextrose agar, made according to the formula of 
Stevens and Wilcox (8), held at 37° C. Cultures growing on rice medium 
at 37° C. and also at room temperature from 19 to 27° C., showed definite 
chromogenesis. The tung Diplodia grew more rapidly when incubated at 
37° C. than at room temperature (table 2). 


TABLE 2 .—Growth of tung Diplodia on potato^dextrose agar at different tem¬ 
peratures 


Temperature, Cultures _Average diameter of culture after 

degrees C. _24 hours 48 hours 72 hours 


17 

Number 

5 

Mm. 

0 

Mm. 

0 

Mm. 

0 

19-27 

5 

17 

34 

41 

37 

5 

25 

50 

76 


No spores were formed by the organism when grown on cornmeal agar, 
potato-dextrose agar, rice medium, sterilized tung stems, and sterilized 
tung leaves. 

On the basis of the present studies, the writer considers the causal 
organism of the tung disease to be a strain of Physalospora rhodina, Cke., 
the perfect stage of Diplodia iheohromae (Pat.) Nowell (D. natalensis 
Evans). 


SUMMARY 

Physalospora rhodina ex Cke., caused a canker disease of tung trees in 
several nurseries and orchards in Mississippi and Louisiana. The perithecia 
of this fungus were scattered singly in the bark of the host. When cut 
transversely, especially before the spores were fully mature, the contents of 
the perithecia had the white appearance characteristic of the genera Botry- 
osphaeria and Physalospora, Pathogenicity was demonstrated by inocula¬ 
tion of tung seedlings, which developed both the Physalospora and Diplodia 
stages of the organism; cultures were reisolated from the Diplodia theo- 
Iromae stage of the organism. In culture the tung Diplodia grew rapidly 
at 37° C. Cultures growing on rice medium at 37° C. and at room temper¬ 
ature showed definite chromogenesis. No spores were found on any of 5 
culture .media used, The tung Diplodia caused decay of ripe apples. Typi- 
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cal bicellular Diplodia spores were rcisolated from the pycnidia, which 
developed in the peel of the inoculated mummified apple. 

U. S. Field Laboratory for Tung Investigations, 

Bogalusa, Louisiana. 
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A LEAF-CURL DISEASE OP TOMATO 


R. S; Vasudkva and J. !^am Raj 
(Accepted for publication January 6, 1948) 

A serious disease of tomato characterized by pronounced dwarfing of the 
leaves has been observed at Delhi and in other tomato growing areas for the 
last several years. The disease was particularly severe during the winter 
of 1946-47 and over 90 per cent of the plants in the early sown experimental 
plots of the Mycology Division of this Institute were found to be infected. 
In later sowings, however, the incidence of the disease was much lower. The 
plants, if infected while young, yield almost no crop. The disease occurs' 
year after year and during 1943-44 and 1944-45 over sixty varieties of 
tomato which were under trial for their resistance to virus diseases were 
found to be more or less damaged by the disease. Considering its economic 
importance the study of the disease was undertaken. 

SYMPTOMATOLOGY 

Infected tomato plants of the variety Sutton’s Early Market exhibit 
clearing of the veins, stunting and marked reduction-in leaf size. At the 
same time the plant has typical mosaic symptoms which vary from mild to 
severe. The reduction in size of the leaves is more pronounced in the suc¬ 
cessive leaves and is accompanied by shortening of the internodes with the 
result that the leaves are crowded together. The leaflets are deformed and 
their margins may curl inwards or outwards. In a few eases the young 
leaflets show a tendency towards a corkscrew distortion with the tip forming 
a type of hook. The younger leaves are pale in color with light green and 
dark green areas. Sometimes the area between the veins may be completely 
yellow. Puckering of the leaflets is a common symptom of the disease and 
is very severe in some plants. The plant has a greater tendency to produce 
stunted lateral branches which impart a bushy appearance. The plants 
infected while young remain stunted and seldom attain a size of more than 
10 to 15 inches. The disease induces partial or complete sterility of the 
infected plant, depending on the stage at which infection has taken place. 
In the cases of late infections the plant bears a few fruits but in earlier in¬ 
fections the symptoms are much more pronounced and the few flowers that 
are formed bear reduced floral structures which never attain normal size. 
They seldom open and soon drop off. The flowers that develop after infec¬ 
tion are invariably sterile. The diseased plants usually develop purple 
patches especially on the older leaves, and these vary in intensity in different 
plants. 

MATERIAL AND METHOD 

Throughout the work, the diseased material was obtained from infected 
tomato plants of the variety Sutton’s Early Market from the experimental 

3ft4 
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plots of the Mycological .Division. The same variety of tomato was used 
throughout the investigation. The tomatoes, as well as the differential 
plants, were raised inside an insect-proof house and young, actively growing 
plants were used for the experiments. All the apparatus used was carefully 
sterilized as required for the individual experiment. For inoculation pur¬ 
poses, carborundum powder was used as an abrasive and grafting was carried 
out by the wedge method as well as by inarching. 


TRANSMISSION OP TUB DISEASE 

All attempts to transmit the disease with diseased plant extracts to 
healthy tomato plants were unsuccessful. More than 50 attempts were 
made at different times but the inoculated plants failed to develop any 
symptoms of -the disease. The disease was, however, successfully trans¬ 
mitted by grafting diseased scions to healthy, stocks of tomato plants. Both 
the wedge-graft method and inarching siieeessfully transmitted the disease 
within three weeks (Fig. 1, A). New shoots developed about seven to ten 
days after the graft. The healthy stocks first exhibited symptoms of mosaic 
which were accompanied by a stunting of the plant identical with that of 
naturally infected plants. ' 



Fio. 1. Tomato plaats in which the leaf-curl disease has been transmitted by graft¬ 
ing (A) aiid by white flies (B). 


Transmission by insects. In order to determine the vectors responsible 
for transmission of the disease a careful survey of the insects present in the 
field at the time of the appearance of the disease was undertaken and it was 
found that two types of insects—namely, the capsid, Engytatus tenuis Rent., 
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and the white fly, Bemisia gossypiperda M. Th.—were predominant. It was 
also observed that durin" October and November the disease was spreading 
rapidly in the fields and that the incidence of the two types of insects was 
very high. It was, therefore, considered necessary to determine whether 
either of these insects was responsible for the transmission and rapid spread 
of the disease. The insects used for transmission work were first fed on 
diseased plants for 24 hours with the help of microcages similar to those 
described by Storey (1928) in connection with his transmission studies of 
maize streak virus. After the insects fed on diseased plants they were re¬ 
leased on healthy tomato plants inside glass lamp chimneys. The top of a 
chimney had been covered by muslin. The insects were allowed to feed on 
healthy tomato plants for two and three days, after which the surviving 
insects were killed by spraying. The transmission experiments were re- 



Fio. 2. Infected White Burley tobacco plants showing mild type of symptoms (A) 
and pronounced leaf-curl symptoms (B). 


peated several times with five to eight insects on each plant. The plants on 
which capsids had been released never developed any symptoms of the dis¬ 
ease. In tests condu(jted at different times 30 to 100 per cent of the plants 
on which white flies had been released developed typical symptoms of the 
disease within 15 to 25 days, depending on the temperature prevalent dur¬ 
ing the experimental period. During the winter months 25 days were re¬ 
quired for the manifestation of symptoms, whereas in March the symptoms 
appeared in 15 days. Figure 1, B shows a tomato plant infected by viru- 
liferous white flies. 


REACTIONS OF DIFFERENTIAL HOSTS 

The disease was successfully transmitted by grafting to Nicotiana 
fahacum L. varieties White Burley, German Samsun, and Harrison’s Special, 
Solanum tulerosum L. variety Craig’s Defiance, Datura stramonium L., 
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Nicotiana sylvestris Spegaz. and Comes, and Nicotiana glutinosa L. The 
reactions described are those observed during January to April at Delhi in 
the insect-proof house in the presence of adequate light and humidity. 

A considerable variation was observed in the symptoms produced on 
Nicotiana tahacum var. White Burley. All the plants invariably showed 
a type of yellow mottling, but the subsequent synaptoms differed in the in¬ 
tensity of stunting as well as in the reduction in size and curling of the leaves 
ii- different plants. The leaf tips in all cases point downwards. Symptoms 
may vary considerably in type. In one type the stunting of the plant is not 
pronounced but the leaf margins tend to curl downwards. In all other 
types stunting of the plant as well as shortening of the internodes and reduc¬ 
tion of the leaf size are present in varying degrees. Vein-banding, rolling 
downwards of the leaf margins, and thickening of the veins also are common 
features. In some plants the leaf surface appears wavy (Fig. 2, A), but in 
many plants puckering is present. This may be mild and confined only to 



Fio. 3. A. Datura stramonium grafted with diseased tomato shoot. B. Shoot of 
an infected potato plant. 


portions of the leaf, or may be general and highly pronounced. Clearing 
of the veins, when preseilt, is only transient. In some plants the leaves are 
thick and brittle and enations in the form of small dark-green thickenings 
of the veins are present (Fig. 2, B). 

The experimental data presented indicate that there may be a number 
of strains of tobacco leaf-curl virus responsible for the development of the 
leaf-curl disease in tomato. If this is true, it appears that the mild as well 
as the severe forms produce almost similar symptoms in tomato. A large 
number of grafting experiments indicate that the virulence of certain strains 
of the virus diminishes during passage through tomato, and when brought 
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back to tobacco the strains produce mild reactions. For instance, the strain 
that causes the enation type of leaf curl, when transmitted to a White Burley 
tobacco plant through tomato, produced symptoms resembling the mild type. 
The enations which are a characteristic feature of the type were absent. 

In the German Samsun variety of tobacco the symptoms such as stunting 
of the plant, shortening of the internodes, reduction in the size of the leaf, 
as well as yellow mottling, are very pronounced, but the curling of the leaf 
margins and puckering are absent. In the variety Harrison’s Special the 
symptoms are mdre or less similar to the above but the mottling is not pro¬ 
nounced and there is a tendency for the leaf margins to curl downwards. 
Nicotiana sylvestris reacts only mildly to the disease, yellow mottling and 
vein-banding being the prominent symptoms. In Nicotiana glutinosa L. 
there is a general yellow mottling, dwarfing, and cupping of the leaves. 

Datura stramonium L. reacts violently to the disease: stunting is accom¬ 
panied by a general yellow mottling, dwarfing, curling and corkscrew dis¬ 
tortion of the leaves (Fig. 3, A). 

In Solanum tuberosum L. (var. Craig’s Defiance) stunting of the plant 
is accompanied by mottling, dwarfing, and thickening of the leaves, which 
are more or less crowded together and appear crumpled (Fig. 3, B). 

DISCUSSION 

The symptoms on differential hosts, particularly those on tobacco, indi¬ 
cate that this disease of tomato is caused by the tobacco leaf-curl virus since 
the curling of the leaves and development of enations are very typical of 
' this disease on tobacco. This view is further confirmed' by the fact that the 
disease is transmitted by Bemisia gossypiperda, vector of the tobacco leaf- 
curl virus. This virus has been experimentally transmitted by a number 
of workers, e.g., Thung (9), Storey (8), Pal and Tandon (4), and McClean 
(3), but natural occurrence of the disease on tomato has been mentioned 
only by Fruthi and Samuel (5). The symptoms of the disease as it occurs 
on tomato have not, however, been fully described by the authors. Bertus 
(2) records the occurrence of a leaf curl and stunting disease of tomato 
which is transmitted by white flies and grafting but not through sap. It is 
likely that the disease that Bertus described is caused by the tobacco leaf- 
curl virus. The natural occurrence of the disease in wild varieties of tomato 
has been observed in Nyasaland (1). 

As early as 1932 Thung (9) described three types of leaf curl on tobacco. 
The presence of more than one strain was also observed by Storey (7), when 
he found that there was considerable variation in the severity of the symp¬ 
toms produced. In his transmission experiments his tobacco plants gen¬ 
erally developed the disease only mildly. He suspected that the variations 
in the individual reactions of the plant may play a part and also that there 
may be a number of strains of the virus of varying virulence. Pal and 
Tandon (4) in their studies on tobacco leaf curl have differentiated five dif¬ 
ferent types of leaf-curl virus, but from our observations it appears that a 
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much wider variation exists. McClean (3) states that in the course of the 
transmission of leaf curl of tobacco, a new type of the disease arose that 
produced milder symptoms on tobacco and other hosts. He distinguished 
severe, mild, and latent forms and stated that the latter two had their origin 
in plants infected with severe leaf curl. He also established the fact that 
in the process of transmission of virus from a plant with severe leaf curl 
plants may acquire weaker forms of virus which produce a milder form of 
u.sease. 

The suggestion of Storey that the variations in the individual reaction 
of the plant may play a part in the variation of the severity of the disease 
also must be considered. Moreover, there is a wide variation in the symp¬ 
toms produced in different varieties. In our experiments it was observed 
that the tobacco plants of variety White Burley when grafted to other varie¬ 
ties of tobacco plants already infected with leaf-curl virus developed differ¬ 
ent symptoms. 

SUMMARY 

A virus disease of the tomato which causes dwarfing, puckering of the 
leaves, vein-clearing, excessive branching, and stunting of the plant has 
been studied. 

The disease can be transmitted by grafting and by Bemisia gossypiperda 
but not by inoculation with juice of infected plants. 

The causal virus has been identified as that of tobacco leaf curl and 
inoculations to tobacco indicate that a number of strains of this virus may 
be involved but that all produce almost identical symptoms on tomato. 
Indian Agricultural Research Institute, 

New Delhi, Indu. 
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INOCULATION EXPERIMENTS WITH 
rOLYPORUS SCHWEINITZTli 

Sigmund Berk 2. 3 
(Accepted for publication January 10, 1948) 

Polyporus schweinitzii Fries is considered primarily as a wood destroy¬ 
ing organism that causes a root and butt rot in conifers. Although the 
literature gives a wide range of coniferous hosts for the fungus (7), there 
are only two reports of its occurrence on hardwoods. Rhoads (6) found it 
on a charred stump of Eiicalyptus globuhis and Hubert (4) reported it on 
red gum and oak. 

This fungus has been found by Dr. II. II. York to be vei*y destructive 
on forest plantings of white and red pine on the watershed of Hemlock 
and Canadice Lakes, N. Y. The land, originally forested with mixed hard¬ 
woods and conifers (chiefly white pine and hemlock), was cleared about 
75 years ago for cultivation of beans, potatoes, wheat, oats, and timothy. 
The coniferous plantations were established about 10 to 25 years ago on 
old abandoned fields. Polyporus schweinitzii has been active in some of 
these forest plantings for at least 15 years. The fact that this fungus is so 
widespread suggests the following questions: Have the infections occurred 
from outside sources of spores of the fungus, or has this organism persisted 
saprophytically in the soil or as a weak parasite on the roots of hard¬ 
woods and field plants? The writer undertook a series of experiments to 
determine whether or not the fungus can parasitize the roots of various 
seedling hardwoods and herbaceous plants. 

INOCUIATLON OF SEEDiaNGS GROWN IN POTS 

Series A, Hardwood Seedlings. Soil used in Series A was obtained 
from the upper 8 inches of a forest planting of white pine near Spring- 
water, N. Y., where Polyporus schweinitzii is widely epidemic. This soil 
had a pH of 6.0 and a colloidal content of 21 to 50 per cent. The soil was 
disinfected by wetting with a solution of formalin (1 oz. to a quart of 
water). The disinfectant was permitted to vaporize from the soil by occas¬ 
sional raking and exposure to air and sun for 3 days. 

The inoculum used in Series A to D inclusive was prepared by filling 
10-cm. Petri plates two-thirds full of finely divided pine needle duff from 
forest plantings of white pine near Springwater, N. Y. This duff, saturated 
with a 2 per cent solution of Fleischmann’s Diamalt, was autoclaved for 

1 A portion of a dissertation presented to the faculty of the Graduate School of the 
University of Pennsylvania in partial fulfillment of the requirements for the degree 
of Master of Arts. 

2 Present address, Pitman-Dunn Laboratory, Frankford Arsenal, Philadelphia, Pa. 

3 The writer wishes to express his appreciation to Dr. H. H. York under whose 
direction this investigation was carried out and to Dr. W. N. Ezekiel for valuable 
criticism of the manuscript. 
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30 minutes at 15 lb. steam pressure and inoculated at the center of the 
dish. After 2-4 weeks incubation at room temperature in diffused light, 
the fungus grew well through the duff, and the inoculum was ready for 
use. Unless stated otherwise, variant No. 12 of Polyporus schweinitzii was 
used in this study. 

Four 6-inch clay pots comprised a series, two pots with treated soil 
and two with untreated soil. One pot with untreated and one with treated 
sod were inoculated just prior to planting by the addition of needle-duff 
inoculum from one Petri plate. Equivalent amounts of the noninoculated 
needle-duff were added to one pot with untreated and one with treated soil. 
Pots of soil that were inoculated with the fungus prior to planting received 
a second similar inoculation in the soil, 25 weeks after the hardwood seeds 
were planted. 

The following seeds, which were not surface-sterilized, were sown 
on the surface of each pot and covered with soil: American elm (Ulmus 
americana L.), Scotch elm {Vlmus glabra Huds.), and silver maple (Acer 
saccharinum L.) . All seeds and seedlings in Series A to F inclusive were 
grown in the greenhouse. 

A striking difference in growth was observed in the hardwood seedlings 
after 11 weeks (Fig. 1). Dwarfing occurred in the plants grown in formal- 



Fig. 1. Seedlings of American elm in (A) nontreated, noninoculated forest soil, 
(B) formaldehyde treated soil inoculated with Polyporus schweinitzii, (C) nontreated 
soil inoculated with P. schweinitzii, and (D) formaldehyde treated soil without fungus 
inoculum. 

dehyde treated soil — in length of shoot and root systems, and in number 
and size of leaves per plant. 

Isolations were made from the roots after 31 weeks when there were no 
open lesions of decay but portions of lateral roots had been killed. The 
infected roots were surface-sterilized by the following methods: a 2-minute 
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immersion in an aqueous solution of 0.1 per cent mercuric chloride, followed 
by at least 3 rinses in sterile distilled water; 5 to 20 seconds immersion 
in Superoxol (30 per cent hydrogren peroxide) ; and a 2-minute dip in 3 per 
cent hydrogen peroxide. The surface-sterilized roots were plated in tubes 
of 2 per cent Pleischmann’s malt agar medium. A 2-minute application 
of 0.1 per cent aqueous solution of mercuric chloride with 3 rinses in sterile 
distilled water was found to be the most reliable root surface sterilization 
method. Discolored, swollen, dwarfed, and killed roots did not yield a 
single positive culture of Polyporus schiveiniizii, but did yield species of 
Fusarium, Trichoderma, Alternaria, Macrosporium, and other fungi. 

Series B. pjupine and American Elm Seedlings. Six-inch clay pots 
were filled with 1 part soil from Spring water, N. Y., 5 parts leaf humus, 
and 1 part sand. Inoculum from a 10-cm. Petri dish two-thirds full of 
pine needle duff saturated with 2 per cent Fleischmann’s malt was added 
to each pot. The pH of this soil mixture after autoclaving was 6.4. 

American elm and lupine {Lupinus albus L.) seeds were surface- 
sterilized by immersion for 12 to 45 minutes in an aqueous solution of 
calcium hypochlorite, somewhat similar to the method used by Wilson (8). 
The excess disinfectant was not washed from the seeds, since it does not 
interfere with germination. The pine needle duff in the pots was inoculated 
with Polyporus schweinitzii when the surface-sterilized seeds were sown. 

Root isolations from lupine were made 55 days after sowing and from 
American elm 75 to 157 days after sowing. The lupine seedlings had 
slight lesions on the root crown and the tip of the tap root was killed. A 
iew of the elm seedlings had lesions on the primary roots. Polyporus 
schweinitzii was not isolated from the diseased roots. 

Series C, American Elm inoculated with Variants of Polyporus 
schweinitzii. Pour-inch clay pots were filled with potting soil and a mix¬ 
ture of 2 parts potting soil to 1 part finely ground pine needle duff. The 
inoculum, prepared in Petri dishes as described previously and consisting 
of variants No. 10, 12, and 40E of Polyporus schweinitzii alone and in 
various combinations, was added to each pot at the time of sowing the 
surface-sterilized American elm seeds. Variants No. 10 and 12 were 
obtained by Childs (2) from infected Pinus sti'obus L., Springwater, N. Y., 
and No. 40E from Pi7ius mtighus, Central Experimental Farm, Ottawa, 
Ontario. Variants of P. schweiniizii were used in this series, since it was 
thought that variant No. 12 used in series A and B might have been weak¬ 
ened by long and continued growth on artificial media or that possibly 
it was not a virulent ‘‘race” of the parasite. Isolations made from diseased 
roots after 12 weeks growth were negative for P. schweinitzii. 

Series D, Liriodeiidron tulipifera Seedlings. Three-inch seedlings 
of Liriodendro7\ tulipifera were transplanted into six-inch pots containing 
potting soil. The roots of each plant were surrounded by pine needle 
inoculum of variants No. 12 and 40E alone and in combination. Isolations 
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made from rotted primary roots after 10 weeks growth were negative for 
Polyporus schweinitzii and yielded primarily species of Fusarium. 

Growth Bate of Fungi Isolated from Roots. The growth rates on 2 per 
cent Fleischmann^s malt agar of a species of Fusarium and one of Peni- 
cillium isolated from infected roots were compared with that of variant 
No. 12 of Polyporus schweinitzii. The species of Fusarium grew twice as 
fast and the species of Penicillium three times as rapidly as P. schweinitzii 
on tJie malt agar medium. These results indicate the difficulty of isolating 
P. schweinitzii when rapidly growing soil organisms are present. 

INOCULATION OP SEEDLINGS GROWN UNDER ASEPTIC CONDITIONS 

Sieries P, Lupine and Bush Beans Grown in Pine Needle Duff. Test 
tubes (38 X 200 mm.) were one-quarter filled with finely ground pine needle 
duff saturated with 2 per cent Pleischmann’s malt and autoclaved 30 min. 
at 15 lb. steam pressure. Surface-sterilized seeds of lupine (Lupinus alhus 
L.) and bush bean (Phaseolus vulgaris var. humilis Alef.) were transferred 
to the pine needle duff in the test tubes. The duff was inoculated with vari¬ 
ant No. 12 of the fungus, before, after, and at the same time as sowing the 
seeds. 

The lupine control plants survived 40 days while the bush beans lasted 
47 days under the growing conditions of this series. Autoclaved pine 
needle duff was somewhat toxic to the seedlings as evidenced by the reac¬ 
tion of the roots to the medium; i.e., the appearance of adventitious roots 
above the surface of the duff. Examination of lupine roots 21 to 40 days 
after sowing and bush beans 28 to 43 days after sowing showed that the 
root crown and lower part of the stem had lesions, while the primary and 
secondary roots were necrotic. Severest infection occurred where the fun¬ 
gus mat was in direct contact with the root system. Although shoot devel¬ 
opment was good, the root system was no longer than 3 or 4 cm. and con¬ 
sisted of a thick primary root with few laterals. Diseased roots were 
grayish-black or dark brown and almost completely rotted by the fungus 
(Fig. 2). Isolations were made by dipping diseased portions of roots in 
95 per cent ethyl alcohol and plating on malt agar. Polyporus schweinitzii 
was isolated from the roots of lupine and bush beans. 

Root material was preserved in dilute formalin and fixed in a saturated 
aqueous solution of salicylic acid plus chromic sulfate and formaldehyde 
(3). A histological study of roots from this series revealed the presence 
of fungus hyphae in the cortical cells of lupine (Fig. 2). However, it is 
not known whether the fungus penetrated the roots while they were alive 
or after their death. 

Series F, Lupine Seedlings Grown in Soil. Surface-sterilized lupine 
seeds were grown under aseptic conditions in test tubes (38 X 200 mm.) 
containing a mixture of 6 parts of potting soil and 1 part of pine needle 
duff saturated with distilled water and autoclaved one hour at 15 lb. steam 






Fio. 2. Necrotic roots of lupine caused hj Polyporus schwevnitzii. Above: A 
from Series F grotm in autoclaved soil; B from Series E grown in pine needle du£P 
saturated with 2 per cent Fleischmann's malt. Below: Photomicrograph showing hyohae 
of P. sohweiniteii in cortical cells of Impinua alhua L. (Mag. 1220x). ^ 
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After 3 weeks’ growth, discolored areas were present on the root crown 
and primary root. Laterals near the surface of the soil and in contact 
with the pine needle inoculum were killed (Fig. 2). Polyporus schweinitzii 
was isolated from such dead laterals. The fungus was not isolated from 
the primary root or from secondary roots more than 2 cm. below the 
surface of the soil. 

GROWTH OF P. SCHWEINITZII IN STERILIZED SOILS IN THE LABORATORY 

Iloyce (1) questioned the ability of the fungus to grow in natural soil. 
To study the. growth or survival of the fungus in soils, horizontal glass 
tubes (25 X 320 mm.) were utilized. The following types of soil mix¬ 
tures saturated with distilled water were added to the tubes; Soil from 
Springwater, N. Y. (Series A); 4 parts soil from Springwater, N. Y., plus 
1 part finely ground pine needle duff; and potting soil from Series C and 
D. After autoclaving for one hr. at 15 lb. steam pressure, the soils in the 
tubes were inoculated at one end and incubated in the laboratory at 22® C. 
in a horizontal position in total darkness. 

Table 1 shows the rate of growth of Polyporus schweinitzii in the three 

TABLE 1 .—Mate of growth of Polyporus schweinitzii in soils in glass tubes 


Type of soil pTI Days after inoculation 

26 36 43 53 


Growth in mm. 


From Springwater, N. Y. 

5.8 

120 

170 

190 

320 a 

4 parts soil from 

Springwater, N. Y., plus 

1 part pine needle duff 

5.1 

170 

240 


320 a 

Potting soil 

6.1 

10 

20 

20 

22 


tt Mycelium completely filled the 320-mm. tubes. 


types of soil mixtures. It grew most rapidly in soil from the Springwater 
region plus pine needle duff. P. schweinitzii was isolated when the myce¬ 
lium had grown through the soil to the opposite end of the tube. 

Attempts to isolate the fungus from inoculated soils (Series A to D) 
in pots in the greenhouse failed. 

DISCUSSION 

The results of this investigation indicate that Polyporus schweinitzii 
is not capable of parasitizing roots of the hardwood seedlings under the 
conditions of this study. Although there were signs of root decay and of 
dead laterals, isolations from such regions did not yield the fungus. 

In autoclaved soils of the various series inoculated with the fungus, the 
organism is not only capable of surviving but of actually making rapid 
growth in some. However, in sterilized soils, the organism does not en- 
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counter normal soil competing fungi which enter when the soil is exposed 
to the atmosphere. Species of Fusarium, PeniciUium, and other fungi 
isolated from the roots grew more rapidly than Polyporus schweinitzii in 
culture. It is possible that the inoculum may have been completely overrun 
by such fast growing forms and the fungus suppressed before it could pene¬ 
trate host tissue. Assuming the destruction of primary inoculum and the 
possibility that P. schweinitzii can parasitize only when the host has 
reached a certain stage of development, the soil in Series A was inoculated 
a second time. Attempts to isolate the fungus from the roots of the hard¬ 
wood seedlings growing in the reinoculated soil also failed. 

Rayner (5) states that Melin working with mycorrhizal fungi found 
Fusarium frequently outgrowing the true endophyte. It is possible that 
Polyporus schweinitzii penetrating host tissue offered an atrium for a 
secondary fungus like Fusarium which crowded out the primary parasite 
because of a faster growth rate. Considering the large number of isola¬ 
tions of Fusarium obtained, this concept may be worth further testing. 

In autoclaved pine needle duff saturated with 2 per cent malt (Series 
E), conditions of growth apparently were optimum for the fungus but very 
unfavorable for the host. It seems from the work of Wean (7) that the 
fungus produces succinic acid which may weaken or kill root tissue and 
allow the hyphae to penetrate the cells with little difficulty. Wean (7) 
found that the fungus entered directly through living epidermal and 
cortical cells and through the base of lateral roots of Pinus strohus L. 
The author also found fungus hyphae in the cortical cells of lupine in 
Series E. 

Results from inoculations in Series P seem to indicate that the fungus 
was weakly parasitic. The writer favors Hubert^s (4) views that the 
organism may become parasitic only when the host is growing under very 
unfavorable environmental conditions. Infection of lupine roots was ob¬ 
tained under aseptic conditions in the absence of competing soil fungi. 
However, it was impossible to isolate the fungus from the roots of lupine 
plants growing in soil exposed to the atmosphere. It is possible that 
Polyporus schweinitzii may have been overgrown or suppressed by more 
rapidly growing organisms which are present in soils exposed to the air. 

The results of these experiments do not preclude the possibility that 
the organism may live in agricultural soils for a long time after the land 
has been cleared, especially when the soil is rich in humus materials. 

SUMMARY 

Herbaceous and hardwood seedlings grown in various soils were in¬ 
oculated with Polyporus schweinitzii in order to test the ability of the 
fungus to parasitize living root tissue. The Polyporus could not be reisolatcd 
from roots, possibly because a species of Fusarium and one of Penicillium 
obtained from infected roots have growth rates that are much greater, on 2 
per cent Pleischmann's malt agar, than the growth rate of P. schweinitzii. 



1948] 


Berk: Polyporus Schweinitzu 


377 


Infection characterized by necrotic lesions was obtained in bush bean 
and lupine seedlings grown under aseptic conditions in a medium of auto¬ 
claved finely ground pine needle duff saturated with 2 per cent malt and 
inoculated with the fungus. Lupine grown in soil under aseptic conditions 
showed a slight infection of lateral roots near the surface of the soil. 

The fungus can survive and grow rapidly in certain types of sterilized 
soil. Best growth was obtained in soil from Springwater, N. Y. (pll of 
5.8 and a colloidal content of 21-50 per cent). The most rapid growth 
was in soil from the Springwater region containing a small amount of 
pine needle duff. 

Botanical Lauoratory 

University op Pennsylvania, 

Philadelphia, Pennsylvania. 
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WHITE ROT OF SHALLOT 
E . C . Tims 

(Accepted for publication January 12, 1948) 

INTRODUCTION 

White rot (Sclerotium cepivorum Berk.) of shallot, garlic, and onion 
was first observed in Louisiana in 1942 (21). The only known infestations 
at present are on a few small farms scattered in that area of the State 
which extends for about ten miles along the east bank of the Mississippi 
River about halfway between Baton Rouge and New Orleans. Shallots 
are grown intensively in this area along with some garlic and onions. 
Most of the farms are small and rotation is almost impossible. Although 
the infected areas are rather limited now, white rot is a potential threat 
to the entire shallot, garlic, and onion growing business in the southern 
part of the State. These crops are grown in the cooler season of the year 
when conditions are most favorable for the development of the disease. 

This paper includes studies of white rot as it occurs on shallot in 
Louisiana. The pH relationships of the causal fungus were studied in 
culture on liquid and solid media. Control measures tested in naturally 
infected soil under field conditions included (1) the application of lime and 
other chemicals to the soil and (2) use of certain seed treatment fungicides. 
A number of shallot varieties were tested for resistance to white rot. 

SYMPTOMS ON SHALLOT 

Affected plants first show a slight wilting of one or more leaves. The 
adjoining leaves gradually wilt and the tips turn yellow and die back. 
The plants may gradually decline for several days or there may be a rapid 
wilt and collapse. Shallot bunches often remain severely diseased on one 
side for some time while the other side may be healthy. 

The stunted, yellow, wilted, diseased and dead plants are conspicuous 
among the dark green healthy bunches. Infected plants can be pulled 
from the soil easily because of the decayed root systems. The roots rot 
off at the crown, and the basal portions of the scales become softened and 
slough off. The fungus often causes a semi-watery decay of the scales not 
unlike that caused by Sclerotinia sclerotiorum on other vegetables. The 
white to grayish mycelium of the fungus develops on the diseased portions 
of the plant below the soil line, and soon large numbers of small, black 
sclerotia appear. Typical infected shallots are shown in figure 1. Most of 
the affected shallot plants die before any bulbs are formed. Occasionally 
some bulbs are formed if infection occurs late in the season. However, 
such bulbs, even if slightly infected, almost invariably decay within a 
few weeks after harvest. 
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SEASONAL DEVELOPMENT 


Walker (30) demonstrated that in general the disease on onion was 
limited to temperatures below 24° C, and developed best between 10° and 
20° C. A similar relationship appears to be true in shallots. The earliest 
appearance of the disease observed in Louisiana was the first of December, 
and the period most favorable for infection lasts until about March first. 
White rot in Louisiana is definitely confined to the cooler seasons. 



Fig. 1. Shallot plants infected with white rot. Bunch on right shows white my¬ 
celium on surface. 


Under certain conditions shallot plants may become infected, collapse, 
and die within 20 days. Healthy transplants (green shallot plants) 
were set out in naturally infested soil in December, 1942. Twenty days 
later several of the plants were dead. Sclerotia had already formed on the 
basal portions of the dead plants. 


DISTRIBUTION AND IMPORTANCE 

White rot of onion and some other closely related plants has been 
known in Europe since the disease was first described by Berkeley (4) in 
1841. According to Walker (29), the disease is commonly destructive to 
onion and leek in the British Isles, Holland, and France, and to garlic 
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in Spain and Italy. Bremer (7) in 1934 reported that white rot of onion 
was widespread in Germany under the name ‘‘Flour disease.’’ Among the 
other countries in which white rot has been reported are Argentina (13), 
Australia (1), Brazil (6), Egypt (15), and South Africa (9). 

According to Walker (29), the first authentic record of white rot in 
the United States was on onion and garlic from Oregon in 1918. This 
was followed by a report of the disease on onion in Virginia in 1923. 
The disease was reported from Kentucky in 1925 (25), New Jersey in 
1936 (10, p. 190), and California in 1938 (11). White rot was reported on 
shallot, onion, and garlic from Louisiana in 1942 (21). However, the 
disease probably had been present there for some years previous to that 
date. While the disease has been recorded from a number of different 
locations in the United States, no extensive infested areas have been found. 
For this reason no large scale losses have been reported from this country. 
Small infested areas were found in Louisiana in which the shallot and 
garlic crops were a total loss. The disease is a potentially serious threat 
to the growing of onion and garlic and shallot in the State. These crops 
are all grown during the fall, winter, and spring seasons when temperatures 
are most favorable for white rot development. 

. THE CAUSAL FUNGUS 

The organism causing the disease was first described by Berkeley (4) 
in 1841, as a sterile fungus and named ScleroHum ccpivoruni, Voglino 
(26) studied the organism and renamed it i^phacelia allii after he found 
that definite conidiophorcs and conidia were produced. Later Walker (29) 
did not confirm Vogli^io’s description. Cotton and Owen (8) noted the 
production of microsporcs which they did not succeed in germinating. 
The writer has also observed the presence of microspores in old tube 
cultures on Czapek’s agar. Several attempts were made to germinate the 
microsporcs without success. 

Sclcrotia germinate readily under proper environmental conditions. 
The fungus may live in the soil for several years without the host plants 
being present. Ogilvie and Hickman (17) reported that onions planted 
in a field that had been free of onions for at least eight years 'were 
severely affected with white rot. Nattrass (16) rec.ommended a ten-year 
rotation to help control the disease. 

Host Range 

White rot apparently is confined to plants belonging to the genus 
Allium. Most of the cultivated members of this genus are susceptible to 
the disease. Walker (29) recorded the following species as being affected: 
onion (Allium cepa), "Welsh onion (Allium fistulosum), leek (Allium 
porrum), garlic (Allium sativum), and shallot (Allium ascalonicum). 
Tims (22) reported the occurrence of white rot on wild onion (Allium 
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canadense). This plant grows wild in many shallot fields in southern 
Louisiana. Naturally infected plants were found in a shallot field where 
white rot was prevalent on garlic and shallot. Inoculations with Sclerotiiim 
cepivorum from shallot showed that the wild onion was susceptible to 
the disease. 


Cultural Studies 

Cultures of Sclerotium cepivorum were easily obtained by plating 
sclerotia from diseased shallot plants, or by placing fresh diseased mater¬ 
ial in a moist chamber and transferring to agar slants the mycelium that 
developed withm 24 hours. A number of strains of the fungus were 
isolated from diseased onion, garlic, and shallot. Most of these strains 
varied little in growth characters or pathogenicity. The cultures used in 
the later tests were all obtained from diseased shallot plants grown in the 
infected areas around Convent, La. 

Variations. Strains of the fungus have been reported that varied in 
cultural characters as well as in pathogenicity. Walker (29) tested 
several cultures from various sources and found one culture which pro¬ 
duced profuse white m3^celium that obscured the sclerotia. He also tested a 
culture from Brittany that was non-pathogenic on onion. Nattrass (15) 
reported that a culture from Holland grew more vigorously than one 
from Egypt, producing a denser more floccose type of mycelium and form¬ 
ing microsclerotia up to 16 days later. 

Early in our work two strains of the fungus obtained from shallot 
varied in certain growth characters, such as rate of growth, numbers of 
sclerotia, and color of mycelium. These cultures (ealled A and B) were 
obtained from separate single sclerotia. Culture A (Fig. 2) produced 
numerous sclerotia on Czapek’s agar with a minimum of mycelium; 
culture B developed a heavy mat of white mycelium with very few 
sclerotia. The latter culture also grew more slowly than culture A. 
Transfers of these two cultures were made at approximately monthly 
intervals for three years with little apparent change in any of these 
characters, except that culture B developed a number of sectors. Several 
inoculation tests were made on shallot with the two cultures. Culture A 
produced typical white rot symptoms, but culture B caused no injury. 
Shallot plants from a typical test are shown in figure 3. 

The sectors that developed in culture B varied from pure white to a 
dark smoky gray. The sectors also varied considerably in color of mycelium, 
rate of growth, and production of sclerotia. Most of them produced few or 
no sclerotia on Czapek's agar, a medium very favorable for sclerotial de¬ 
velopment in the normal cultures of Sclerotium cepivorum. None of the 
sectors showed any evidence of parasitism on shallot. Pour of the sectors, 
along with two typical cultures, are shown in figure 4. 
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Fig. 2. Cultures of Scleroiium cepivorum on Czapek^s agar. Culture A on left lias 
typical sclorotial development, while culture B on right has white mycelium with few 
sclerotia. 



Fig. 3. Shallots inoculated with cultures of Sclerotium cepivorum. Culture A on 
left, B on right. 
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pH relationships. Certain aspects of the disease in Louisiana indi¬ 
cated that white rot might be very restricted in its development in certain 
soils. It apparently has been present in rather limited areas for a good 
many years, although no special effort has been made to prevent its spread. 
Shallots, onions, and garlic are grown regularly in these areas under con¬ 
ditions apparently ideal for the disease to develop and spread from field 
to field. This failure to spread more extensively seemed to indicate that 
th' causal fungus might be sensitive to comparatively slight differences 
in soil environment. Most of the white rot infested soils were found to 
be rather acid (pH 5 to 6.3). Early cultural studies had also indicated that 



Fig. 4. Gultiires of Sclerotium cepivonim. The two plates on lower right show 
typical sclerotial forms; the others are sectors from culture B. 

the fungus was favored by an acid medium. For these reasons a number 
of tests were conducted in liquid and on solid media to determine the pll 
relationships of Sclerotium cepivorum. 

Bacto bean agar was used for a series of pH tests. A pH series rang¬ 
ing from 3.1 to 10.1 was prepared by adding different amounts of N/5 IICl 
or N/5 KOH to the agar'after sterilization. Four plates were poured imme¬ 
diately from each of two flasks at each pII concentration, six of them 
being inoculated with a suitable culture of the fungus and the other two left 
as controls. The pH of the agar that remained in the flasks was determined 
as soon as the plates were poured. The plates were incubated at 22°-23° C. 
for ten days, after which the agar in all the plates was remelted and pH 
determinations were made. 

The results of a typical test are in table 1. The pH of the nonin- 
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ociilated plates remained relatively stable except in the high alkaline 
series. But the agar in all the inoculated lots became more acid except 
in the two most acid series. The fungus growth was good in all plates 
except those with an initial pH of 9.6 to 10. 

Preliminary tests with Richard’s solution^ indicated that the white 
rot fungus might be definitely limited in growth above pH 7. Several 
series of tests were made to determine the pH limits for growth of the fun¬ 
gus in this medium. The method of Karrer and Webb (12) was used for de¬ 
termining the amounts of acid or alkali necessary to produce the desired 
pH range. A series was prepared in which the pH varied from 1.8 to 7.7. 
The necessary amounts of N/5 HCl or N/20 KOH to bring about the de¬ 
sired concentration were added after sterilization. Six flasks were used at 
each pH concentration. Pour flasks in each lot were inoculated with a 


TABLE 1 .—Belation of pE to growth of Sclerotium cepivorum on Bacto bean 
agar plates 


Initial pH 

Control 

Pinal pH 

Inoculated 

Growth of the fungus 

3.2 

3.1 

3.1 

Good 

3.5 

3.5 

3.2 

Good 

4.0 

4.1 

3.3 

Good 

5.1 

5.2 

3.5 

Good 

7.1 

6.7 

3.6 

Good 

8.8 

8.4 

3.8 

Good 

9.6 

8.9 

4.4 

Fair 

10.1 

9.0 

6.8 

Slight 


small disk cut from an agar plate of a rapidly growing culture of Sclerot¬ 
ium cepivorum. The other two flasks were kept as controls and the 
medium was tested for changes in pH at the end of the experiment. The 
flasks were incubated at 22°-23® C. for 21 days, after which the necessary 
observations were made and further pH determinations were obtained. 
The results are in table 2. 

Growth of the fungus was definitely limited between pH 2 and 7. There 
was little change in the pH of the controls, and not much change in the 
inoculated flasks except at initial pH of 6.2 and 6.3. The fungus grew 
best and produced sclerotia most abundantly at pH 6.3. 

Since the growth of the fungus seemed to be definitely limited below 
pH 2 and above pH 7 in Richard’s solution, further attempts were made 

^Bichard’s solution: 

KH 2 PO 4 0.5 gm. 

KNO3 4.0 gm. 

MgS 04 -4- 7 IlaO 0.5 gm. 

NH4NO3 30.0 gm. 

PeS 04 Trace 

Sucrose 30.0 gm. 

Distilled H 3 O to make 1 liter. 
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to determine the pH limits more accurately. In a similar test, there was 
no growth at pH 1.9 and 7.1, traces of growth at pll 2.1 and 6.9, slight 
growth at pH 6.8, fair growth at pH 2.3, and excellent growth at pH 6.4. 

Similar tests were conducted with Czapek’s solution^. A series of 
flasks was set up with pH values ranging from 2.1 to 9.8. All of the 
flasks were inoculated and incubated at 23°-24° C. for 21 days. One set of 
inoculated flasks was tested after 7 days, another after 16 days, and the 
r mainder after 21 days. The results in table 3 show that slight changes in 
pH level occurred after 7 days, but the most important changes took place 
before the 16th day. The fungus grew well and produced numerous 
sclerotia at initial pH levels from 5.4 to 7.2. But there was some growth 
from pH 2.7 to 9.1. Shubbs^, working in Australia, obtained similar results 
with ScleroHum cepivorum in a beefine-peptone-dextrose medium. 


TABLE 2 .—Hclation of pit to growth of the white rot fungus in Richard*s solution 


pH after 21 days 


Initial pH Control Inoculated Growth of the fungus ^ 


1.8 

1.7 

1.7 

None 

1.9 

1.8 

1.8 

None 

2.1 

2.1 

2.1 

None 

2.3 

2.3 

2.2 

Moderate 

6.2 

6.2 

4.4 

Good 

6.3 

6.4 

4.5 

Excellent 

7.2 

6.7 

6.7 

None 

7.5 

6.9 

6.9 

None 

7.7 

6.8 

7.0 

None 


These limited tests with several media indicated that Sclerotium cepi¬ 
vorum grew over a wide pH range on certain media, but was deflnitely 
limited on other media such as Richard’s solution. Since the white rot 
fungus would grow on media with such a wide pH range, field control by 
changing the pH of the soil seemed questionable. However, tests were con¬ 
ducted in which lime was applied to infected soil in an effort to control 
the disease. 

*Czapek’s solution; 


MgSO^ -f 7 H,0 

0.5 gm. 

KHflP04 

1.0 gm. 

KCl 

0.5 gm. 

Peso* 

Trace 

NaNO, 

2.0 gm. 

Sucrose 

30.0 gm. 

Distilled ITjjO to make 1 liter. 


• Personal communication. 
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CONTROL 

Apparently no completely satisfactory method has been developed for 
the control of white rot on any of its hosts. Most of the control experi¬ 
ments have been reported on onion from Great Britain. Very little work 
has been reported on control of the disease in shallots. Asthana (3) re¬ 
ported one test in which lime was applied to the soil, but the results were 
inconclusive. Somewhat later Tims (24) mentioned that the addition of 
lime and other chemicals including Semesan and mercuric chloride to the 
soil reduced the amount of white rot in shallots. 

Numerous onion varietal resistance trials have been reported from the 
British Isles. In 1920 Cotton and Owen (8) reported that shallot and 
leek apparently were more resistant than onion. However, all the evi¬ 
dence obtained in Louisiana indicates that the shallot is rather susceptible. 
Nattrass (16) reported onion varietal tests in infested soil. There was some 


TABLE 3 .—Eelation of pH to the growth of the white rot fungus in Czapelc^s solution 


Initial pH 

pH of inoculated flasks after 

Growth 

7 days 

16 days 

21 days 

2.2 

2.1 

2.1 

2.3 

None 

2.7 

2.8 

3.6 

4.5 

Fair, few sclerotia 

5.4 

3.9 

4.4 

4.6 

Good, numerous sclerotia 

6.5 

6,5 

4.8 

4.5 

Good, numerous sclerotia 

‘ 7.2 

7.2 

5.0 

4.8 

Good, numerous sclerotia 

8.1 

7.9 

7.2 

6.6 

Fair, few sclerotia 

9.1 

8.2 

7.4 

7.4 

Slight 

9.5 

8.5 

8.5 

8.4 

Trace 

9.8 

8.7 

8.7 

8.6 

None 


variation in percentages of diseased plants but no evidence of a satisfactory 
degree of resistance. In 1930 Smith (19) reported that ‘‘a satisfactory 
degree of resistance to white rot has been shown by the ‘white welch’ onion 
variety in Lancashire and Cheshire.” Later reports (2) indicated that 
onion varieties with marked resistance to white rot have been developed as 
a result of several years’ tests at Manchester University. In 1941 Ogilvie 
and Walton (18) listed several onion varieties that had moderate resistance 
to white rot. 

The use of chemicals for control of white rot of onion has also been 
reported. In 1930 Wingard (32) treated onion bulbs with formaldehyde 
before planting them in infested soil. This treatment gave no control. 
Ogilvie and Hickman (17), working in England, reduced the white rot in 
diseased soil by the application of hydroxymecuri-chlorophenol at the rate of 
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1 oz. per sq. yd. of soil, but they did not obtain satisfactory control. Later 
Booer (5) reported promising results from England where he applied mer¬ 
curous chloride dust to the drill with the onion seed. One pound of the 4 
per cent dust to 25 yards of row gave 7.9 tons of onions per acre compared 
to 1.58 tons on untreated rows. Rotation has been recommended for white 
rot control, but few data have been reported to show the effectiveness of 
such measures. Shubbs'* in Australia mentioned ‘‘two cases where market 
g, rdeners have eliminated losses due to white rot disease by the liberal 
use of lime, rotation and clean cultivation.” Asthana (3) found that 
comparatively large amounts of potassium sulphate reduced the amount 
of disease in onions; and lime applied at the rate of 2-5 tons per acre also 
reduced the incidence of white rot. 

All of the experiments for the control of white rot of shallot were con¬ 
ducted on a small block of naturally infested soil near Convent, La. The 
block consisted of 6 rows six feet wide and 350 feet long. The plot was 
heavily infested with the white rot fungus for about half its length while 
the other end was more lightly infested. A crop of garlic grown in this 
block of land in 1942 was almost totally destroyed by the disease. Shallots 
were planted in this plot in 1943, 1944, and 1945. A portion of the block 
was used in the lime tests during the three-year period. Parts of the 
remainder were used for miscellaneous tests. The common white shallot 
was used in all the tests unless otherwise indicated. Most of the plantings 
were made in October and the shallots were harvested the following Decem¬ 
ber or January. 


APPLICATION OB^ LIME TO TUB: SOIL 

In 1943, the most heavily infested end of the plot was divided into 12 
sections consisting of 6 rows 6 feet wide and 25 feet long. A 5-foot buffer 
was arranged between each two plots. Four replications of three different 
treatments were used as follows: A, hydrated lime applied Sept. 15 at the 
rate of 1,000 lb. per acre; B, lime at 1,500 lb. per acre; and C, check, no 
treatment. Soil samples were taken from each plot before the lime was 
broadcast over the plots, and at intervals later. The shallots were planted 
October 7. The data are in table 4. 

White rot first appeared December 5 and was well developed by Decem¬ 
ber 20 when the disease counts were made. At this time the shallots were 
ready to pull for market. The healthy bunches indicated in table 4 were 
suitable for market. The shallots were left in the field ten days longer and 
at this time most of the bunches were diseased. The data show that the lime 
reduced the amount of early infection. But a few days after maturity the 
plants in the treated plots were almost as severely affected as those in the 
untreated plots. 


^ Personal communication. 



388 Phytopathology [Vol. 38 

TABLE 4.— The ejfect of lime on the pH of infested soil, and on the amount of 
disease in shallots, in 1943 


pH of spiU Total no. Number of Percentage of 


Amount of lime 
added to the soil 

Before 

lime 

After 

lime 

of bunches 
in 4 plots 

healthy 

bunches 

healthy 

bunches^ 

1000 lb. 

5.7 

6.4 

427 

290 

68 

1500 lb. 

. . 5.7 

6.6 

416 

308 

74 

None . 

. 5.7 

5.7 

414 

240 

58 


a Tests were made 30 days after application of the lime. 

hThc counts were made Dec. 20, when the shallots were ready to pull. 

The same block of infested soil was used in 1944-1945. Additional 
lime was applied at the rate of 1,500 lb. per acre to two of the lime plots 
of the previous year as shown in table 5. Tlie lime was applied Sept. 21, 
and the shallots were planted Get. 2, 1944. The disease county and pH 
readings were made Jan. 3, 1945. The diseased plants were judged by the 
above ground syrnfitoms alone.^‘ 


TABLE 5.-— Hffcct of lime on the pH of infested soil and on the amount of white 
rot in shallots, Bata obtained Jan. 3, 1945 


Section 

Amount of lime 
added to soil 

1943 1944 

pH of 
soil 

Total no. 
bunches 
produced 

No. of 
dead 
bunches 

Percentage of 
bunches 
diseased 

1 

1000 lb. 

None 

5.9 

161 

4 

20 

2 

None 

None 

5.5 

145 

2 

29 

3 

1500 lb. 

1500 lb. 

7.1 

158 

- 0 

6 n 

4 

1000 lb. 

None 

5.9 

152 

2 

23 

5 

None 

None 

5.4 

154 

2 

22 

6 

1500 lb. 

1500 lb. 

7.2 

145 

0 

5 a 

7 

1000 lb. 

None 

G.O 

156 

3 

20 


Plots 3 and 6 were in far better condition than the others. Most of the bunches 
could have been pulled in good condition. 


The data in table 5 show that the additional amounts of lime reduced 
white rot in its early stages. A fairly satisfactory crop of shallots could 
have been obtained from badly infested soil if the plants had been pulled 
at the right time. The shallots in this test were left in the field an addi¬ 
tional 12 days to see whether or not the lime*would keep the disease under 
control after the plants matured. 

The shallots were all pulled and examined Jan. 15. At this time more 
of the shallots in all the plots were diseased. However, 50 per cent of the 
bunches in plots 3 and 6 were in a marketable condition, while only 10 
to 15 per cent of the plants in the adjoining plots were in good condition. 

* When the plants were pulled, washed, and examined carefully some of the shallots 
without above ground symptoms were found to be diseased. 
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This test indicated that the addition of lime sufficient to bring the pll of 
the soil to about 7 reduced the amount of white rot considerably in the 
earlier stages of the disease. After the shallots matured sufficiently for 
the market the leaves died back quickly and the disease made rapid inroads 
on the weakened plants. 

The additional lime applied in 1944 brought the pll of the soil to 
approximately the neutral point, as is shown in table 5. The plots that 
received small amounts of lime in 1943 showed little residual efl’ect on the 
amount of disease in the 1944-1945 crop. 

Some of the plots in the block of land used for the liming tests in the 
1943 and 1944-45 seasons were used in the 1945-46 season for other pur¬ 
poses. But some information was obtained on the carry-over effects of the 
lime applied during the two previous seasons. Shallots were planted 
somewhat later than in the other tests (Oct. 24, 1945). The plants grew 
more slowly than usual and the white rot showed up later than in any 
previous season. The shallots were pulled and examined Feb. lil, 1946. 
At this time the plants had passed their peak of development and had 
begun to deteriorate somewhat. From plot 1, 12 per cent of the plants 
were healthy, from plot 3, 30 per cent, and from plot 5, 38 per cent. These 
figures show little residual effect of the previous applications of lime. 

ADDITION OP CHEMICALS TO THE SOIL 

Several tests were conducted in which chemicals were applied to 
infested soil where shallots were planted. Walker (31) found that 138 ml. 
of mercuric chloride (1-750, 1-1500) per plant applied at transplanting 
time greatly reduced the incidence of cabbage club root. In our tests the 
chemical was applied to the soil around the growing plants. A number of 
seed treatment chemicals were also applied to shallot sets before they 
were planted in diseased soil. 

In the fall of 1943 a preliminary test was conducted in which formalde¬ 
hyde and Semesau were applied around shallots growing in diseased soil. 
Formalin (40 per cent commercial) was used in two strengths, 30 and 120 
ml. per gallon of water, and Semesan 30 gm. to 1.5 gal. Small plots con¬ 
sisting of single rows 25 feet long were replicated 4 times. The shallots 
were from 4 to 7 inches tall when the treatments were applied Oct. 7. A 
small amount of the chemical was poured around each plant, wetting an 
area 3-4 inches in diameter and about the same depth. The chemical was 
used at the rate of 1.5 gal. per 100 feet of row. Dry soil was pulled up 
around the plant to prevent rapid evaporation of the formaldehyde. The 
formaldehyde caused a severe yellowing of the plants, but none of them 
was killed. The Semesan caused no apparent injury. 

The plants were examined Dec. 20 when they were ready to pull for 
market. At this time the average percentage white rot for each treatment 
was as follows; Semesan, 7 per cent; formaldehyde 30 cc. per gal., 27 per 
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cent, formaldehyde 120 cc. per gal., 16 per cent; and untreated plots, 41 per 
cent. Two weeks later most of the plants were severely diseased, but in the 
Semesan plots most of the shallots were in good condition. 

In October, 1944, the soil treatment tests were continued in the same 
plot. Different portions of the plot were used each time in order to prevent 
after-effects of previous soil treatments. Shallot plants one week old were 
used in this test. The plants were several inches high and were just begin¬ 
ning to divide when the chemicals were applied (Oct. 9). Semesan (1 oz. 
per 1 gal. water) and mercuric chloride (1-500) were used at the rate of 
80 ml. per plant. An area about 5 inches in diameter and 3-4 inches deep 
was moistened around each plant. Small replicated plots were used with 
appropriate controls. The plants were pulled and examined Jan. 15, 1945. 


TABLE 6.— Effect of chemicals applied io soil on white rot of shallot in 1944-1&45 


Treatment 

Total no. 
bunches produced 

Number of 
bunches diseased 

Number of 
bunches dead 

Semesan, 1 oz. per gal.. . 

1.38 

2 

0 

HgCl., 1-500 . 

137 

0 

0 

Untreated .. 

140 

960 

,36 


tt This figure includes dead bunches. 


The data in table 6 show that both chemicals gave almost complete control 
of white rot under the conditions of this test. 

In the fall of 1945, a soil treatment test was made on a slightly larger 
scale than the previous ones. Mercuric chloride (1-1000) was applied 
around young shallot plants at the rate of 80 ml. per plant. One block 
of 6 rows 28 ft. long was treated. The sections on each end of the treated 
block were left untreated. The chemical w^as applied Nov. 15, when the 
plants were 5-7 inches tall. All the plants were pulled and examined for 
white rot Feb. 13, 1946, The data are in table 7. The mercuric chloride 
at 1-1000 strength did not give as good control as the 1-500 strength used 
previously. However, most of the plants in the treated plots held up con¬ 
siderably longer than those in the untreated plots. 


TABLE 7.— Effect of mercuric chloride applied io the soil on white rot of shallot 
in 1945-46 


Treatment 

Total no. 

Number of bunches diseased on 


of bunches 

Jan. 8 

Jan. 30a 

Feb.13 

Hgca„ 1-1000 . 

. 325 

10 

50 

64 

Untreated . . 

. 331 

72 

128 

184 


a Plants ready to pull at this time. 
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Preliminary tests were made in 1944 with D-D (1, 3-dichloropropene- 
1,2-dichloropropane) for control of white rot. The D-D was ax)plied to the 
soil in three concentrations: (1) 5 ml. in holes 6 inches apart; (2) 5 ml. 1 
ft. apart; and (3) IS ml. 1 ft. apart. The holes were 1 inch in diameter 
and 4-5 inches deep. The D-D was placed in the holes by means of a rubber 
tube, and the holes were filled with soil immediately. The treatments were 
applied in small replicated plots. Shallot transplants were set out two 
weeks after the D-D was applied. Treatments 1 and 2 decreased the 
amount of white rot appreciably but did not give satisfactory control. 

Treatment of seed sets. In the fall of 1944 a small test was made with 
fungicidal dusts on shallot sets. Barbak D (mercuric phenyl cyanamide) 
and Arasan (50 per cent tetramethyl thiuramdisulphide) were used. The 
sets were shaken in paper bags with an excess of the dust, then planted in 
infested soil. In this test there was no appreciable difference in the amount 
of disease in the treated and untreated plots. The following year (1945) 
Arasan was used in a slightly different way. The shallot sets were mois¬ 
tened with water and then coated with Arasan dust before being planted in 
diseased soil. Again the Arasan failed to give any appreciable control of 
white rot. 


VARIETAL REACTION TO WHITE ROT 

Two white shallot varieties make up the bulk of the crop in Louisiana. 
The common or Chac Bay variety is a small pin-leaf type that has been 
grown in the State for many years, and the Louisiana Pearl is a large flat 
leaf type that was bred at the Louisiana Agricultural Experiment Station 
several years ago for resistance to pink root (24). There are also two red 
varieties grown in limited areas. 

The four shallot varieties or types were grown in infested soil to deter¬ 
mine whether there might be some resistance to the disease in any of them. 
Several shallot seedlings of varying types bred at the Experiment Station 
in Baton Rouge were also tested for resistance. None of them showed any 
evidence of resistance to the disease. 

DISCUSSION 

Walker (30) has shown that white rot of onion is definitely favored 
by comparatively low soil moisture. He found that the greatest develop¬ 
ment of the disease occurred when the soil moisture was kept at about 40 
per cent of the water-holding capacity. Field observations made in Louisi¬ 
ana show clearly that white rot is much more severe in the higher, better 
drained portions of the field than in lower, wetter areas. The plants on 
the ditch bank rows where drainage is best are invariably the most severely 
affected. In some of the soil treatment tests, the disease was completely 
inhibited by the treatments in areas 12-15 ft. from the drainage ditch, 
while on the ditch bank row there was some injury. Factors such as 
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soil aeration and dilferences in the physical condition of the soil also may 
affect the development of the disease. 

The matter of dissemination of white rot in this State has been of some 
interest. One grower whose small farm is most severely affected states that 
he has had the disease on his place for at least 20 years. No apparent 
effort has been made to prevent the spread of the disease, but the amount 
of spread has been remarkably small considering the possible means of dis¬ 
semination. The writer has been working on one plot of heavily infested 
soil for four seasons. This plot is separated from an adjoining farm by a 
head land only 12 ft. wide. Shallots and garlic are grown regularly on 
the next farm but no white rot has been observed there. 

The principal means of dissemination of white rot in shallots here 
appear to be (1) shallot transplants from diseased areas and (2) the trans¬ 
fer of infested soil by the use of farm implements, on the shoes of laborers, 
or on the feet of work animals. The disease is not carried through on 
infested shallot sets to any appreciable extent because they almost invari¬ 
ably rot during the summer. The writer has collected many slightly 
infected shallot sets for experimental use, but they invariably rotted be¬ 
fore they could be used. However, garlic is grown on some shallot farms. 
Slightly infected garlic bulbs might transfer the causal fungus to new 
areas. 

White rot lias proved to be a very difficult disease to control in Louisi¬ 
ana. The addition of lime in sufficient quantity to bring the soil to about 
pH 7 reduced the amount of disease appreciably but did not give satis¬ 
factory control. One year after the lime was applied the disease was almost 
as severe as before. The use of lime had the same effect as most of the 
control measures — it onl> delayed the development of the disease. If the 
shallots were pulled at exactly the right time the lime, Semesan, and mer¬ 
curic chloride greatly reduced the severity of the disease. The 1944-45 
tests with Semesan and mercuric chloride gave almost complete control 
because they delayed the development of white rot long enough for the 
shallots to be harvested. But in most of the treatment tests the plants were 
killed if they were left in the field very long after maturity. 

None of the shallot varieties being grown in the State have any appreci¬ 
able degree of resistance. However, some shallot breeding is being done for 
control of other diseases. These progenies will be tested for possible resis- 
tance to white rot. 

The most promising method for controlling white rot of shallot in 
Louisiana seems to be early planting. Most of the shallots are planted in 
September or October. These plants are usually harvested in December 
or early January. Other plantings are made later during the winter. 
Often as many as three crops of shallots may be grown on the same soil 
during one season, beginning about September 1 and lasting until May 1. 
White rot has not been observed here earlier than about December 1. If 
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the severely infested areas are planted in late August or early Septem¬ 
ber the shallot crop can be harvested in October or November before the 
white rot develops to any appreciable extent. Thus one good crop might 
be harvested from diseased soil each year. 

SUMMARY 

White rot of shallot has been known in Louisiana only a few years. At 
present the infested areas are rather small, but the disease is a potential 
threat to the entire shallot growing industry in the State. 

The disease shows as a wilting, yellowing, and dying of the leaves as¬ 
sociated with rotting of the roots and basal portions of the shallot plants. 
Grayish white mycelium and small black sclerotia develop on the under¬ 
ground portions of the affected plants. 

White rot is a cool weather disease and develops in Louisiana only 
during the winter months from December through March. Shallots are 
grown from September into May, thus exposing them to the disease during 
a considerable portion of the time that they are in the fields. 

The disease is known to affect most of the cultivated species of Allium. 

Strains of Sclerotium cepivorum from shallot were found that varied 
considerably in color and amounts of mycelium, numbers of sclerotia, and 
pathogenicity on shallot. 

The fungus grows well over a rather wide pll range on media such as 
Bacto bean agar and Czapek^s solution. However, in Richard \s solution 
growth was sharply limited between pH 2 and 7. 

Lime applied at the rate of 1,500 lb. per acre reduced the severity of 
white rot in shallot, but did not give satisfactory control. Semesan and 
mercuric chloride applied to the soil around growing shallot plants gave 
fairly good control. 

Seed set treatments with a number of fungicidal dusts were ineffective 
in reducing the amount of disease. 

None of the shallot varieties now being grown in the State have any 
appreciable resistance to white rot. 

Early planting of shallots is probably the best means of control in 
Louisiana. If they are planted early enough (Aug. 20 to Sept. 15), one 
good crop of shallots can be harvested before white rot develops. 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 
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INFECTIOUS CHLOROSIS OF PIIENAX SONNEKATII 
Karl M . JS i l b e r s u ii m i d t i 
(Accepted for publication Jnniiary 2(), 194S) 

During a survey of species of Malvaceae, atta(‘ked by ‘‘Infectious 
Chlorosis/^ we found a weed, exhibiting similar chlorotic spots, but which 
belongs to the species Phenax Sonneratii (Poii.) Wedd. of the Urticaceae.^ 
The first natural habitat of this diseased weed observed by us (on February 
3, 1946) was a sandy, shaded place called “Prainha'^ near the beach of 
Sao Vicente (State of Sao Paulo). Later (April 14, 1947) we collected 
specimens of Phenax Sonneratii exhibiting the same tyi)e of symptoms at 
another sandy spot of the beach of Santos called “Bocaina/' On both oc¬ 
casions the leaves of the attacked plants displayed a pronounced veinclear¬ 
ing (Fig. 1, a and b), light green or yellowish angular spots limited largely 
by the secondary veins (Fig. 1, a). 



Ill connection with our studies on Infectious Chlorosis of the Malvaceae 
(9) it was interesting for us to determine if a graft-transmissible disease 
characterized by chlorotic symptoms could be found also on representatives 
of the Urticaceae. We brought rooted, diseased plants of Phenax from 
Santos to our Institute in Sao Paulo, where we grew them in our green¬ 
house. With this diseased material from the two natural sources we per¬ 
formed the following experiments on the transmissibility of the disease. 

On April 1, 1947, four healthy plants of Phenax were grafted with 
diseased scions of the same species. Eighteen days later two of the scions 
had taken and the respective stocks displayed on their young leaves 

1 Chefe da Segao de Fisiologia Vegetal, Institute Bioldgico, Sao Paulo, Brasil. 

2 We are indebted for the classification to Mr. J. F. Toledo of the * ^ Departamento 
dc BotAnica do Estado,^’ Sao Paulo, Brasil. 
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chlorotic symptoms similar to those shown on the scion. Diseased leaves 
were confined almost entirely to the grafted shoots; other shoots of the 
same plants continued producing normal green leaves for months. 

Other positive results in our attempts to transmit the disease by graft¬ 
ing to healthy plants of the same species were obtained in our experiments 
of July 7 and August 11. Six out of 18 healthy plants of Phenax Son- 
fieratii grafted with chlorotic scions contracted the disease. Healthy test 



Fig. 2. Plant of Phenax Sonneratii, (a) experimentally infected with ‘"“Infectious 
Chlorosis/^ (b) a health^^ plant of the same species. 

plants, grown on the same bench as the grafted ones, and the control 
plants, which had been grafted with scions of healthy plants or with 
healthy shoots of diseased plants, never displayed symptoms. Figure 2 
shows one of the stocks infected by grafting with “Infectious Chlorosis” 
beside a healthy control plant. 
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We did not succeed in transmitting the disease by grafting to Boehmeria 
nivca (Urticaceae) or to Sida rhomhifoUa (Malvaceae). 

The seeds collected from diseased sources produced plants without any 
symptoms of the chlorotic disease (June 3, 1947). 

On September 8, we inoculated 7 healthy plants of Phcnax Sonneratii 
with sap of diseased shoots, and we rubbed 5 other plants with sap of 
healthy plants. Until now all these plants have remained without any 
s} mptoms of the chlorotic disease. 

Keturning now to our experiments on the transmission of the disease by 
grafting, we wished to ascertain if the progress of the disease along a 
grafted shoot could be speeded up experimentally. Following the method 
conceived by Hildebrand (6) and used efficiently by Cocdiran (4) we 
covered the healthy tip of the grafted shoots with black pasteboard. Tak¬ 
ing off the covers after a fortnight, we observed that many of the older 
shaded leaves had dropped, but that the young, developing leaves displayed 
sym])tonis of the disease. The tips of grafted plants, which had not been 
covered with black pasteboard, remained healthy for a long time. 

In view of the characteristic symptoms of this disease and of its trans- 
missibility only by grafting, we consider it a virus disease and suggest it be 
included in the group of ^‘Infections Chloroses.^^ 

In the literature—as far as we could verify—few virus diseases among 
representatives of the Urticaceae have been des(?ribed. As early ajs 1929 
McKinney (7) had observed Flenrya podoearpa Wedd. (Urticaceae) dis¬ 
playing yellow mosaic in West Africa. Later, Severin (8) cited IJrtiva 
vrens as host plant of experimentally transmitted sugar-beet curly top. 
Gardner and Whipple (5) mentioned “nettle’^ among the experimental 
host plants of the spotted wilt of tomato. More recently Blattny, Robek, 
Stary, and Ryzkov in two papers (2, 3) have described a sap-trans¬ 
missible mosaic disease of IJrtica dioica and Uriica urens, probably the 
same disease which Blattny (1) had observed much earlier on naturally in¬ 
fected plants of Uriica dioica. In none of those publications, however, do 
the authors refer to a disease of the Urticaceae of the general character of 
“Infectious Chlorosis’’ transmissible by grafting, but not by sap inocu¬ 
lation. Therefore, we consider Phcnax Sonneratii a new host plant of 
“Infectious Chlorosis.” 

Instituto Biol6gico, 

Sao Paulo, Brasil. 
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PUSARIUM WILT OF GARDEN STOCK (MATIIIOLA INCANA) 

Kenneth F . Baker 
(Accepted for publication January 124, 1948) 

An important vascular fusarium disease was observed in seed fields of 
garden stock {Mathiola incana R. Br.) and Ten Weeks stock {M. incana 
var. annua Voss) in Santa Barbara County, California, during September, 
1946. Apparently there has been no published record of a fusarium wilt 
of this host, but 0. A. Plunkett has informed the writer that he observed a 
similar disea.se that killed practically all of the, plants in a Los Angeles 
garden about 1928. 

Infected plants of the maturing seed crop have characteristic symptoms. 
The color of the siliques and stems is faded from the usual grayish tan to 
a light tawny shade (Fig. 1). All or part of the siliques on a stem arc 
flat, as compared with the plump normal condition, and are found to con¬ 
tain flat, undeveloped seeds. There is a somewhat premature shedding of 
the leaves progressively from the base upward. Any of these symptoms 
may develop unilaterally. The plants may be stunted and are sometimes 
killed. Although symptoms at the time of seed maturation are not conspic¬ 
uous because of normal loss of leaves and green color, it is easy to recognize 
infected plants once the differences in appearance are noted. There is com¬ 
monly a brown discoloration of the vascular elements in roots and stems of 
affected plants. Root cortex apparently does not decay until the plants 
are dead. 

Young plants have conspicuous symptoms within 30 to 40 days after 
being transplanted into heavily inoculated soil held at about 21°-24'’ C. 
Some of the seedlings quickly wilt and die. Older i)lants may have a 
striking vein clearing of basal leaves (Fig. 2); this effect is evidenced pro¬ 
gressively upward on the stem. Leaves finally turn yellow, but wither be¬ 
fore being shed instead of rapidly abscising as in cabbage fusarium yellows. 
As the plants mature the field symptoms already described appear. 

There are several diseases of stock that may be confused with fusarium 
wilt. Bacterial blight, a vascular wilt disease induced by Xanthomonas 
incanae (Kend. and Baker) Starr et al., causes a characteristic blackening 
of the leaf scars of the'stem (3) not found with the fungus disease, and 
does not have the tawny color and vein clearing of the latter. Rhizoetonia 
foot rot. caused by Ehizoctonm solani Kiihn, girdles the stems of young 
plants at soil level and causes a gradual or rapid wilting without the tawny 
color or leaf vein clearing (1); coarse mycelium can be seen with a hand 
lens on the surface of the stem lesions. Sclerotinia white blight, caused by 
Sclerotinia sclerotiorum (Lib.) Schroet. occurs commonly in seed fields, 
producing on the flower stalks localized white lesions which girdle the 
stems; typical large black sclerotia occur in the pith of such stems. Phyto- 
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phthora foot rot, caused by Phytophthora cryptogca Peth. and Laff. and 
perhaps other parasitic Phycomycetes, decays the roots and crown and 
results in a wilting of the top; this disease is easily recognized by the 



• 41 Weeks stock plants grown in pots in the greenhouse. Plant on left 

infected with fusarium wilt, showing general stuntine and Ipnf XcUMjmt ^ 

and light tawny siliques. riant at right is normal. flattened 
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soft basal decay (7). Verticillium wilt of stock is reported from Europe 
but apparently is unknown in the United States; it might produce symp¬ 
toms similar to those of fusarium wilt. 

The wilt Fusarium was readily and consistently cultured from the stems 
of affected plants gathered in the field. Siliques from affected stems were 
surface treated with sodium hypochlorite before being opened, and the 
seeds, removed aseptically and placed on agar, regularly yielded the same 
Oi*ganism. Commercial seed from these fields also carried this Fusarium, 
along with other fungi. Pathogenicity for Mathiola of isolates from all 
of these sources was confirmed. All plants grown in infested soil at 21°~ 
24° C. developed the disease. Almost all the seed developed on diseased 
X)lants 10-12 inches high grown in infested soil in greenhouse pots yielded 



Fic. 2. Lower leaves of column stock plant infected with fusarium wilt. Normal 
leaf on left. 

the Fusarium when placed on agar. The conditions of growth of these 
plants precluded the possibility of fungus penetration through the wall of 
the silique, and indicated that the fungus grew up through the vascular 
elements. Not all of these seeds were sufBciently plump to pass through 
commercial cleaning and milling operations. The pathogen is clearly seed 
borne, probably internally. 

Pathogenicity of the various isolates was readily demonstrated. Single¬ 
spore cultures were used in all cases and the fungus inoculum was grown 
on potato-dextrose broth. The washed mycelial mats were chopped up and 
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mixed with pasteurized soil in pots into which the stock seedlings were 
transplanted. The greenhouse chamber was kept at 21'^-24° C., and at 
these temperatures strong symptoms developed. None of the cheeks was 
diseased. 

The organism was identified by W. C. Snyder as Fitsarium oxyspornm 
Schl. emend. Sny. and Hans. (6). Two forms of this species, F, oxy- 
sporum f. congUitmans (Wr.) Sny, and Hans, on cabbage and kale (2, 6), 
and F, oxysporum f. raphani Kend. and Sny. on radish (4), have been re¬ 
ported on cruciferous crops. Unfortunately, virulent cultures of the kale 
and radish isolates were not available for test, but a fresh isolate of the cab¬ 
bage form was obtained. Flats of pasteurized soil were inoculated on 
April 30, 1947, with mycelial mats of the different forms. The flats were 
planted with transplants of column stock, Copenhagen Market cabbage, 
and Dwarf Crecn Curled kale, and seeds of Early Scarlet Globe radish. 
Data were taken on June 12. Stocks in the fiats with the stocbisolates 
were nearly all dead, but those in flats with the cabbage form were unaf¬ 
fected. Cabbage showed typical yellows with the cabbage Fusarinm, but no 
symptoms with the stock isolates. Kale was unaffected by the stock organ¬ 
ism, but several of the plants showed typical yellows with the cabbage form. 
Radish was unaffected by the stock isolates, but showed slight vascular 
streaking with the cabbage form. All of the positive results reported were 
confirmed by isolations from vascular tissue. These results indicate that 
this is a specialized form of F. oxysporum which differs biologically from 
those previously reported on cabbage, kale, and radish. Accordingly, the 
specialized form which causes vascular wilt of stock, Mathiola incauay is 
designated as Fnsarium oxysporum f. mathioli n.f.^ * 

Because a temperature below 18° C. is required for initiation of flower 
buds of stock (5) the flower crop is grown either under glass or outdoors, 
depending on the area, during the winter months. Since the vascular 
fusarium diseases are favored by warm soils (24°-25° C.), it is under¬ 
standable that this disease has only once been observed in garden or florist 
plantings, even though the pathogen must have been disseminated com¬ 
monly with the seed. If a successful summer-flowering stock should be 
developed, the disease might prove a limiting factor in its use, as has fusar¬ 
ium wilt of China aster. 

The California seed crop is sown in the field in December or January, 
and the seed is harvested the following September or October. Because of 
this prolonged growth period, the plants mature in the warm months dur¬ 
ing which the disease appears. 

Several different varieties of Ten Weeks, column, and branching stocks 
have either been observed with the disease in the field or successfully inocu¬ 
lated. It is not known whether any varieties are resistant to this disease. 

1 The spelling follows the correct name of the host, Mathiola, rather than the 
commonly used Matthiola, See L. H. Bailey. Hortus, p. 8. Macniil3an Co., New York 
1930. 
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SUMMARY 

An important vascular fusarium wilt occurs on maturing stock plants 
{Mathiola incana and M, incana var. annua) in California seed fields, 
causing premature leaf drop, stunting, vascular discoloration, and develop¬ 
ment of flattened, faded, light tawny siliques. In infested warm soil, seed¬ 
lings have conspicuous vein clearing, stunting, and wilting, and they die 
early. 

The stock Fusarium is noii-pathogenic to cabbage, kale, and radish, and 
the cabbage form does not infect Mathiola. The pathogen is designated as 
Fusarium oxysporum f. mathioli n. f. The organism commonly is seed 
borne. 

Since stock requires low temperatures for bud initiation and is grown in 
the winter months, the disease may prove to be important only in the seed 
crop which continues growth through the summer. 

Division of Plant Pathology, 

University of California, 

Los Angeles 24, California. 
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FIELD CONTROL OF BLIND SEED DISEASE OF 
PERENNIAL RYEGRASS IN OREGON^ 

John R. Hardison^ 

(Accepted for publication February 2, 1948) 

INTRODUCTION 

Blind seed disease of perennial ryegrass (Lolium pcrenne L.) caused 
by Phialea temulenta Prill, and Delacr. was first known to occur in the 
United States during the winter of 1943. Positive identification was made 
by Dr. E. 0. C. Hyde, Seed Analyst at Palmerston North, New Zealand, 
who recognized typical macroconidia on Oregon-grown seed sent to him for 
diagnosis by Mrs. Ij. A. Kanipe, Seed Analyst in charge of the Federal- 
State Cooperative Seed Laboratory at Corvallis, Oregon. The fir^t apothe- 
cia seen in the United States were found by Mr. 0. E. Mikcsell, County 
Agricultural Agent, and a group) of farmers on a Linn County farm near 
Halsey, Oregon, May 12, 1944. Apothecia were first positively identified 
in Oregon by Dr. George W. Fischer (4, 7). 

Preliminary work and observations during the period of the winter of 
1943 through the summer of 1944, conducted by Mrs. L. A. Kanipe, Mi*. 
H. 11. Rampton, Mr. H. A. Schoth, Dr. George W. Fischer and others, was 
briefly reported by Fischer (7) and in unpublished reports (4, 5, 6). This 
preliminary work in Oregon and particularly the published work in New 
Zealand greatly aided the development of field control in Oregon in con- 
liection with the writer’s studies which began in September, 1944. 

nrONOMlC IMPORTANCE 

The detrimental etfects of blind seed disease on perennial ryegrass 
seed make it a very serious disease. Although seeds infected during early 
development are of light weight and can be mechanically separated, most 
infected seeds have sufficient weight to prevent their removal from healthy 
seed in harvesting and cleaning operations (20, 25). There is the further 
difficulty that infected seed cannot be distinguished easily from healthy 
seed unless the lemma and palea are removed (14). In germination tests, 
seed laboratories make no separation of the “blind seeds” from healthy 
seed. Therefore, severely diseased crops of seed arc low in germination 
and much reduced in value. 

Greenall (8) mentions that in New Zealand germinations for two con¬ 
secutive seasons were as low as one per cent in one case, and in very few 

' Cooperative investigations between the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, U. S. Department of Agriculture and the Oregon Agricultural Experi¬ 
ment Station. Published with approval of the Director of the Oregon Agricultural 
Experiment Station as Technical paper No. 510. Contribution of the Section of Plant 
Pathology. 

“Associate Pathologist, Division of Forage Crops and Diseases. 
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cases higher than 30 per cent. Greenall (8) states further that farmers 
in the South Otago district of New Zealand may expect low germinations 
in perennial ryegrass seed one year in every two or three years. 

Neill and Hyde (20) state that losses cause high prices of certified seed 
and thus severely restrict the establishment of new pastures with superior 
ryegrass from certified lines. They mention further that scarcity and high 
price of good lines of seed in New Zealand have greatly restricted the 
development of export trading. 


History Of Low Germination 
In Oregon Perennial Ryegrass 



Fig. 1. Bar graph shows history of low germination in Oregon perennial ryegrass 
Percentages of the total crop are based on individual seed lots. 


In Ireland, Calvert and Muskett (1) state that there would be few 
seasons when by proper blending the seed could not be brought up to a 
standard of germination suitable for incorporation in mixtures intended 
for pasture establishment in areas not producing seed. However, this does 
not prevent severe losses to individual growers. 
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Til Oregon a few cavses of low germinating seed appeared in the 1941 
erop. Further difficnilties were experienced in 1942. The greatest damage 
occurred in 1943 when one-fourth of the erop could not be certified because 
of less than 85 per cent germination. Nearly one-seventh of the 1943 crop 
had less than 70 per cent germination and represented practicallj^ unsale¬ 
able seed (Fig. 1). 

In New Zealand, white clover and perennial ryegrass are often grown 
as pasture mixtures, and it has been recommended that if the ryegrass 
seed crop is found badly diseased in preharvest tests the grower may either 
cut it for hay or perhaps save the field for a later clover seed crop (14, 16). 
In contrast, perennial ryegrass in Oregon is grown extensively in pure 
stands primarily for a seed crop; consequently, farmers have no real alter¬ 
native if the seed crop fails, since returns from ryegrass hay would be only 
a fraction of that from a good seed erop. Furthermore, a large portion of 
the perennial ryegrass in Oregon is grown on land that will gro\v> very few 
other profitable crops. As a consequence, control of blind seed disease is 
of considerable importance to Oregon agriculture. 

LITERATURE REVIEW 

Wilson ct al. (25) review the literature concerning the identity and 
nomenclature of the blind seed disease fungus. The many contributions 
to the biology and control of blind seed disease by previous workers may be 
summarized as follows: 

1. Blind seed disease is caused by Phialea teinulenta Prill, and Delacr., 
and this is apparently the same fungus previously described from rye 
' {Secale cereale L.) in France by Prillieux and Delacroix (22) in 1892 (1, 
21, 25). 

2. The fungus overwinters in infected seed, producing apothecia during 
the spring coincident with the flowering of the grass (1, 20, 21, 25). 

3. Ascospores initiate the infection, which is followed by a copious pro¬ 
duction of macroconidia in a slimy matrix on infected seeds that may 
infect additional flowers (1, 20, 25). Macroconidia produced in artificial 
culture are equally infectious (20). 

4. The seed is the only part of the plant infected, and therefore pres¬ 
ence of disease in seed does not affect the value of the grass for pasture, 
cover crops, or turf (1, 20, 25). 

5. Endosperm tissue is permeated by the fiingus mycelium and the em¬ 
bryo may often be killed (12, 20, 25). 

6. Macroconidia die within a few weeks after harvest and are of no 
importance in perpetuating the fungus during or after storage of seeds 
( 21 ). 

7. Mycelium in infected seeds dies in natural dry storage within 20 to 
24 months (20). 

8. The fungus within seeds has been killed by dry heat (21), and by 
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hot water (1,2), and partial eontrol has boon obtained by the use of ehemi- 
eal dusts (2, 25), but a practical method of seed tn‘atment has not yet 
been discovered. 

9. Preliminary trials indicated that deeper sowin**: suppresses, at least 
in part, the development of apothecia, and drill sowinj^ was recommended in 
preference to broadcasting (25). 

10. The disease spreads considerably by air-borne ascospores (1, 20). 

11. Perennial ryegrass seeds infected with blind seed disease are non¬ 
toxic to animals (21). 

12. Methods for examining ])i*eharvest head samples and harvested seed 
,amples for the })resence of the disease have been described (6, 7, 14, 15, 
16, 24, 25). 

l.‘l. The eontrol suggestions in New Zealand (21) and in Scotland (25) 
consist primarily as follow: (a) examining crops for infestation before 
harvest to enable growers to avoid expense of harvc^sting worthless crops, 
and (b) planting two- 3 ’ear-old seed or seed from healthy crops. 

14. The available eontrol measures have not given satisfactory field 
control (3, 8). 


MATERIALS AND METHODS 

A method for rajiid determination of the incidence of disease in seed 
samples, which is a modification of the New Zealand s.vstem and the method 
previousl,v reported b^^ Fischer (7), was described in an unpublished report 
bv Fischer (6). This consisted of mixing equal parts of seed and water, 
approximatelj^ 30 ml. of each, and allowing the seed to soak for about 30 
minutes, with occasional shaking, after which the water was separated from 
the seeds by straining through cheesecloth. A drop of this liquid was then 
applied to a haemacytometer, and the conidia of the blind seed disease 
fungus within a specific size division of the counting cell were counted. 

In the present studies, this method has been used with oidy slight modi¬ 
fication. Glass vials of approximately 18-ml. capacity are labeled with the 
seed sample number, and used to measure the seed which is placed together 
with the same amount of water into a numbered 250-ml. Erlenmej^er flask. 
These same vials are retained to receive the water strained from the seed 
after soaking for 20 minutes. A Bausch and Lomb haemacytometer with 
Neubauer ruling is used to standardize the method. By comparison with 
the haemacytometer, ordinary microscope slides and cover glasses were 
found to give reliable results that can be easily interpolated to the haemacy¬ 
tometer readings, if the cover glass is firmly pressed to the slide and care 
is taken to avoid excess water. 

Rose (24) used a similar method by heating 100 seeds in a test tube with 
5 ml. water for 15 min. at 80° C., after which the tubes were shaken for 
half a minute. A drop of the solution was then taken for a conidial count 
with a Zeiss Thoma haemacytometer and the number covering the 16 large 
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squares registered. Rose (24) concluded that the method cannot be used 
for harvest forecast purposes, and he gave preference to Hyde’s (14) 
method of examining individual seeds for infection. 

In the Oregon program current harvest forecasts have been largely 
discontinued, and the method now used appears to be satisfactory for 
advising growers of the possibilities of the next year’s crop based on the 
probable increase in disease and consequent seed damage. 

Since it has been necessar}^ to indicate the severity of disease in seed 
samples to growers in ordinary terms, the classification shown in table 1 
was arbitrarily designed. In this paper all references to degree of infec¬ 
tion are based on this classification, which has fumdioned satisfactorily and 
is still being used. 

TABLE 1.— Classes of infection for blind seed disease of perennial ryegrass based 
on tests of cleaned seed samples 


Name of 
class 


1. None. 

2. Trace . 

3. Very Light 

4. Light . 

5. Moderate . 

6. Moderately Heavy. 

7. Heavy. 

Very Heavy . 

9. Extremely Heavy. .. 


Macroconidia per 
1/160 cu. niin. “ 

Number 

0 

1-3 

4-6 

7-15 
16-30 
30-50 
50-100 
100-200 
200-600 -f- 


Two-yoar average 
germination for 
c’ass 

Per cent 
93.0 

92.5 

91.5 

90.0 

87.0 

79.0 

76.5 

65.5 
57.0 


Id recommendation 
for next crop 


Safe for harvest 
Safe for harvest 
Should plow 
if wet field 
Should plow 
Plow 
Plow 
Plow 
Plow 
Plow 


a Number of macroconidia recovered in water suspension after soaking seed 20 
minutes in an equal volume of water. 

EXPERIMENTAL RESULTS 

Seed Treatment Studies 

Results of seed treatment trials planted by H. H. Rampton and H. A. 
Schoth during the fall of 1943 were reported by Fischer (4, 7). These 
tests gave no practical control by chemicals or dry heat. Partial control 
was indicated by a vapor heat treatment conducted for these workers by 
Miller and McWhorter in the manner they have described (18, 19). 

In further trials the writer planted plots in the fall of both 1944 and 
1945, using heavily diseased seed treated with proprietary chemicals includ¬ 
ing Arasan (tetramethyl thiuram disulfide). New Improved Ceresan (ethyl 
mercury phosphate), Semesan (hydroxy mercury chlorophenol), Spergon 
(tetrachlorobenzoqninone), Purex (sodium hypochlorite). Yellow Cupro- 
cide (yellow cuprous oxide), and liquid formaldehyde. No reduction in 
numbers of resulting apothccia was noted. The dry heat treatment as des¬ 
cribed by Neill and Hyde (21) gave a 65 per cent reduction in apothecia 
with only a slight reduction in germination. A vapor heat treatment per- 
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formed by Miller and McWhorter (19) consisting? of an approach period 
of 20 min. at 130° P. followed by 30 min. at 145° P., "ave complete control 
of the fnngrns with no reduction in germination. 

Be(?anse sufficient disease-free seed and two-year-old seed have been 
available to meet the needs of groovers for planting new fields for seed pro¬ 
duction, seed treatment is regarded as impractical in Oregon, and further 
trials have not been made. 


Aging of Seed 

Neill and Hyde (21) first reported that no apothecia were obtained from 
^ wo-year-old seed. Based on this information two-year-old seed was recom¬ 
mended to Oregon growers during the winter of 1943 in a report prepared 
by H. II. Hampton and Mrs. L. A. Kanipe (23). 

The writer planted two-year-old seed in the fall of 1944 and 1945. None 
of this seed produced apothecia the following spring. On the other hand, 
in two years’ trials, diseased seed, three and 15 months old, planted in the 
fall (October) produced abundant apothecia the next spring. 

The first suggestion of control by spring planting was mentioned by 
Neill and Hyde (20) and later suggested by Pischer (4, 7). However, 
obs(*rvations were incomplete, since observations were made only during 
the same calendar year diseased seed was planted and noc after the seed 
had been exposed to winter temperatures. 

In the writer’s studies diseased seed 10 months old planted in the spring 
(April and May) has produced abundant apothecia the following spring 
in amounts eipial to that obtained from fall planted trials with the same 
seed. In contrast, samples of heavily diseased seed 22 months old planted 
in May, 1945, produced no apothecia in 1946. 

Based on the above information, Oregon seed growers have been advised 
that diseased seed is safe for fall planting when past 24 months old (9, 10, 
11) and for spring planting when 20 to 22 months old (10, 11). 

Depth of Planting Studies 

Wilson et al. (25) mentioned that experimental evidence indicated that 
deep planting at least partially suppressed apothecia arising from the seed 
planted. In the writer’s trials during the winter of 1944, seeds buried 
one-fourth inch or more in moist sand in laboratory tests produced no 
apothecia, although apothecia were abundant on surface seeds. A field 
planting was made in October, 1945, with an ordinary grain drill. The 
soil had been summer fallowed and permitted excellent coverage of seed. 
No apothecia were obtained in the spring of 1946 from seed buried one-half 
inch or more. 

One farmer in Linn County inadvertently drilled heavily diseased, 1942 
crop seed (68 per cent germination) at a depth of 2^2 to 3 inches during 
September, 1943. The field produced two excellent subsequent crops, 97 



410 


Phytopathology 


[VoL. 38 


per cent germination with a trace of disease in 1944, and 95 per cent germ¬ 
ination with a very light infection in 1945. There can be little doubt that 
the accidental deep planting was responsible for the small amount of disease 
in this instance. 

Planting seed at least one-half inch deep or more with complete soil 
coverage has been recommended in Oregon as an additional safeguard 
( 10 , 11 ). 

Chemical Soil Treatments 

Fischer (5) suggested the application of chemicals to suppress apothecia 
in infested fields. In May, 1945, the writer applied 24 different chemical 
treatments to plots in a heavily infested field near Peoria, Oregon. The 
treatments included the following chemicals as sprays: Special Semesan 
(hydroxymercurichlorophenol and hydroxymercuricresol), mercuric chlor¬ 
ide and mercurous chloride (1:2 mixture), copper sulfate, copiier oxide, 
basic copper sulfate, Sinox (sodium dinitro ortho cresylate), basic Sinox 
(Sinox plus sodium hydroxide), Puraturf (phenyl mercuri triethanol 
ammonium lactate), sodium arsenate, Isothan Q15 (lauryl isoquinolinium 
bromide), and lime-sulfur. Chemicals applied in dry form were Calcium 
cyanamid (calcium cyanamide), dicyandiamide, sulfur, crude naphthalene, 
and Dithane A-10 (sodium ethylene bisdithiocarbamate). 

Most of these chemicals injured apothecia which were present at the 
time of application; however, no chemical was effective for more than a 
short period. Calcium Cyanamid at 150 lb. per acre completely suppressed 
the apothecia for three days, but normal apothecia were abundant after 
eight days. The other treatments gave no control or had not completely 
suppressed apothecia three days after application, and abundant apothe¬ 
cia were noted after eight days. Considering that perennial ryegrass 
plants are in anthesis over a period of several weeks, these soil treatments 
did not have practical value. Further trials were omitted because records 
for the 1945 crop indicated that control had been obtained from the 
program in operation (Fig. 1). 

Trials with Head Sprays and Dnsts 

During the summer of 1945, flowering spikes of perennial r^^grass in 
a heavily infested field were given a single application with seven sprays: 
Puraturf, Isothan Q15, Dithane D-14 plus zinc sulfate and lime (sodium 
ethylene bisdithiocarbamate), Fermate (ferric dimethyl dithiocarbamate), 
Sinox-D (ammonium dinitro ortho cresylate), lime sulfur, and Bordeaux 
mixture 5-5-50, and two dusts: sulfur and Sinox (15 per cent dinitro ortho 
cresylate). These materials were applied May 25, 1945, when a maximum 
number of flowers were in anthesis. No reduction in amount of disease was 
noted for any of the treatments, and further trials have not been made. 
Corkill and Rose (3) also reported no value from spraying ryegrass plants 
during the infection stage with various chemical sprays. 
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Burning as a Control Measure 

Perennial ryegrass fields are sometimes burned to remove excessive 
straw left after combine seed harvesting. One GOO-acre field located in 
Linn County, Oregon, which in 1944 produced a heavily infected crop with 
48 per cent average germination and two years’ straw accumulation, was 
burned after harvest in August, 1944. After burning, only a few seeds 
could be found in the entire field. In the spring of 1945 apothecia were 
present only in a small area that had been poorly burned. The 1945 crop 
showed only a trace to very light amount of disease with an average of 97 
per cent germination. Three other diseased fields with germinations be¬ 
tween 73 and 93 per cent in 1944 were burned after harvest. All three 
produced seed that germinated above 90 per cent in 1945. 

A comparison of the results from burning, in table 2, with the records 
on similar fields that were not burned, shown in table 3, definitely indi¬ 
cates that burning will reduce blind seed disease and subsequent dam¬ 
age to seed crops. The variation in the reduction of disease shown by the 
four fields in table 2 is due primarily to the differences in the effectiveness 
of different fires. The intensity of the burning as evidenced by the com¬ 
pleteness of removal of crop residue was best in field A and in decreasing 
degrees in the order D, B, and C. 

TABLE 2.— Effect of burning .straw and stubble of perennial ryegrass^ after the 
1944 harvest, on blind seed disease and seed germination in the. 1945 crop 




1944 crop (before 

burning) 

1945 crop (after burning) 

Field 

Acres in 
field 

Average 

germination 

Amount of 
disease 

Average 

germination 

Amount of 
disease 


Number 

Per cent 


Per cent 


A" 

618 

48 

Extremely 
Heavy »» 

96 

Very light 

B 

212 

73 

Very 

Heavy 

95 

Light 

C 

200 

90 

Moderate 

95 

Light 

D 

12 

93 

Light 

94 

Trace 


"Field had two years^ straw accumulation resulting in a hot, clean burn. 

See Classes of infection described under Materials and Methods. 

Burning as a remedial control measure is recommended in Oregon only 
for fields with a marginal infestation after the first or second year’s crop. 
Older fields generally become weedy and seed yields drop. It has been 
recommended (10, 11) that such fields be plowed to clean up the field and 
to save the organic matter in the crop residues in preference to burning. 

Preharvest Tests for Disease 

The principal control measure in foreign countries is the testing of pre¬ 
harvest, samples for disease so that growers can avoid harvesting worthless 








412 


Ph vto pathology 


[VoL. 38 


crops. Unfortunately this system does not insure the fanner a return 
from his land as far as seed is concerned, and, more important, it leaves 
heavily infested fields as sources of abundant inoculum for continued infec¬ 
tion in old fields and possible infestation of new fields. 

Preharvest testing was started in Oregon during the summer of 1944 
under the auspices of Federal-State Cooperative Seed Laboratory at Cor¬ 
vallis, with the help of Dr. G. W. Fischer. At first the New Zealand 
method described by Hyde (14) was used, but Fischer (4, 6, 7) developed 
a faster method relying on the number of macroconidia recovered from 
soaking chopped up heads to indicate severity of infection. At first (4, 7) 
a centrifuge was used to separate the conidia, but later (6) a haemacyto- 
meter was used to count the conidia in the water residue. 

Preharvest testing was discontinued as a regular practice in Oregon 
during the fall of 1944 and was replaced by the seed testing service. 

Absence of Disease in Rcgrowth Deads 

In 1945 and 1946, samples of regrowth heads which developed in heav¬ 
ily infested fields after harvest were carefully examined. No blind seed 
disease has been found in regrowth heads. This indicates that no increase 
of disease potential occurs in a field after the regular harvest. 

Oregon Program for Seed Inspection and Field Recommendation 

Since the control measures proposed by other workers failed to provide 
satisfactory field control according to Greenall (8), further measures were 
thought necessary to control the disease in Oregon.' The most apparent 
weakness in foreign control programs appeared to be the failure to make 
some disposition of badly diseased fields. Therefore, during the winter of 
1944, the writer set up a program for examination of seed samples from 
every perennial ryegrass seed production field in Oregon entered for 
certification. A portion of the bulk seed from the certification samples 
was made available for the disease tests. From the disease tests reports 
were prepared for all growers, listing the amount of disease found and 
giving recommendations for field control. 

The problem immediately arose to determine the degree of infection 
in seed samples that would make a field unprofitable for another yearns seed 
production. It was learned from case histories that seed from many fields 
had dropped from above 90 per cent germination to below 85 per cent in 
the next crop. Table 3 shows the records for two seed crops from nine 
perennial ryegrass fields. These records were selected as typical examples 
from the available case histories and illustrate the approximate increment 
in disease that may be expected in an infested area. From these records 
it is apparent that the disease can build up in a field, without noticeably 
reducing germination, to a point where severe damage will result the 
following 3"ear. 
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After concliietiiig numerous tests for iiicidenee of disease and com¬ 
paring? the results with the germination of respective seed samples, the 
eight classes of infection described under Materials and Methods were de¬ 
signed to classify individual samples. The degree of infection in seed 
samples that would result in a germination below 85 per cent in the next 
crop was estimated to be the Light class of infection (Table 1). Fields with 
more disease, viz.. Moderate, Heavy, Very Heavy, or Extremely Heavy 
in testations were regarded as unprofitable for another year, and the recom¬ 
mendation was made (9, 10) that such fields be plowed before May 1, since 
apothecial production begins in early May. Fortunately this recommenda¬ 
tion was rather generally followed. Growers who did not follow these 
directions invariably produced low quality seed during 1945 and 1946. 
The plowing of a majority of the badly infested fields has prevented direct 
loss to growers concerned and has greatly reduced the inoculum available 
for infestation of new fields. This is especially important, since most new 
fields have been planted with either disease-free or two-year-old seed since 
the fall of 1944. 


TABLE 3.— Incrernevt of hlind seed di.sea.sf‘ in 7iinc sch^cied pcrenyiial ryegrass 
fields with different degrees of infection. Fields located in Linn County, Oregon 


Field 

1944 

crop 

1945 

crop 

Percent age 
gcrmiiijitioii 

Disease 

infestation 

P(‘rcentage 

germination 

Disease 

infestation 

A 

93 

None seen 

95 

Trace 

B 

96 

Trace 

92 

Very Light 

C 

93 

Trace 

90 

Light 

T) 

95 

Very Light 

90 

Moderate 

E 

91 

Light 

85 

Heavy 

F 

91 

Light 

81 

Heavy 

G 

92 

Light 

76 

Very Heavy 

II 

85 

Moderate 

72 

Extremely Heavy 

I 

88 

Moderate 

38 

Extremely Heavy 


For the fields having a Light amount of disease in the seed test, the 
information given was that the next yearns crop would be a gamble, and 
that the field should be plowed. It was explained to growers (9, 10) that 
they would profit by cleaning up such fields and returning them to produc¬ 
tion of high quality seed as early as possible instead of taking a chance of 
heavy loss for the year; and also that badly infested fields would consti¬ 
tute serious hazards to neighboring fields in the meantime. The majority 
of growers with such fields decided to plow them, especially after the 1945 
crop results had indicated general success from the recommendations 
(Fig. 1). 

As shown in tab4e-1, perennial ryegrass seed may have a germination 
of 90 per cent or higher, yet may have considerable blind seed disease 
infection. Therefore, fields that have produced high germination seed 
cannot necessarily be regarded as safe, since such fields may have a Light 
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or Moderate disease infestation and may i)r()duec a crop of low germination 
seed the following year. A spectaeular example was a field near Halsey, 
Oregon, that produeed seed of 90 per cent germination but with a Light 
disease infestation in 1944, The 1945 erop had an average germination of 
38 per cent with an Extremely Heavy infection of blind seed disease. 

Fields with no disease, a Trace, or a Very Light amount of disease 
were regarded at first as probably safe for another year’s production. Al¬ 
though many fields w’ith a Very Light infestation have i^roduced seed the 
next year that averaged well above 90 per cent germination, a number 
of fields on wet lands wnth this degree of infestation have produced seed 
of poor germinability. As a result the recommendations have been modified, 
and it is now suggested that fields with a Very Light infestation be plowed 
if the field is poorly drained and likely to be wet in May and early June. 

In making recommendations to County Agricultural Agents, it is sug¬ 
gested that, when advising growlers, they should give attention to local 
conditions, such as age of fields, presence or absence of infested adjoining 
fields, burning, and other factors that might infiuenee the expected disease 
infestation. 

During the three years the program has been in operation, there has 
been a gradual elimination of diseased fields, and an increase in fields 
without disease. In the 1946 crop 52 per cent of the fields had no disease 
as compared with 27 per cent in 1945 and 13 per cent in 1944. If this trend 
continues, the disease eventually may be almost completely eliminated as a 
limiting factor in seed production of perennial ryegrass in Oregon. 

Discase-Frce Seed Stocks' 

A valuable by-product of tlie examination of all samples of Oregon 
perennial ryegrass is information that makes possible the selection of 
disease-free seed lots for planting new seed producing fields. Seed lots 
having no disease, 95 per cent germination, and blue tag purity have been 
selected and approved from each crop starting with 1944. This has pro¬ 
vided growers with a source of officially approved seed and lias contributed 
materially to the success of the control program. The supply of such seed 
w^as limited in 1944 but greatly increased in 1945. In 1946, more seed stock 
of this quality was available than was needed for reseeding. Similarly 
Calvert and Muskett (1), have recommended that the best seed be kept for 
distribution in seed-producing areas of Ireland. 

Evidence of Control 

The data illustrated by the bar graph in figure 1 indicate that good 
control of blind seed disease in Oregon was obtained in 1945 and 1946. The 
improvement for the 1944 crop in comparison with 1943 appears to have 
been due in part to dryer weather conditions. Also, farmers plowed most 
fields that produced low' germination crops in 1943. In addition, some 
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attention was ^iven to planting high quality seed in the fall of 1043. A 
substantial part of the 1944 crop was eut for hay and not harvested for 
seed beeause of the reeominendations from the Experiment Station based 
on j)reharvest tests. This reduced the amount of badly diseased seed 
entered for certification, and consequently affected the data in figure 1. 
The improvement in the 1945 and 1946 crops appears to be justifiably 
credited to the control program put into practice during the winter of 1944. 
Using 1943 as a year very favorable for blind seed disease, a comparison 
of weather records for the Willamette V’^alley indicates that 1944 was rela¬ 
tively unfavorable and that 1945 and 1946, while less favorable than 1943, 
were much more favorable than 1944 for blind seed disease devolopment. 
The large amount of badly diseased seed produced in the unfavorable 1944 
crop year suggests that the decided improvement in Oregon perennial rye¬ 
grass in 1945 and 1946 should be credited primarily to the control program 
described in this paper. 

The control measures that are recommended in Oregon (9, 10, 11), may 
be summarized as follows: 

1. Plant disease-free seed approved by the Experiment Station. 

2. Recommendations on planting diseased seed: 

A. Diseased seed is safe for fall jilanting only when more than two 
years (25 to 27 months) old. Seed 15 months old is as dangerous 
as that three months old when fall planted. 

B. Spring planting of diseased seed is safe when seed is 20 to 22 
months old. Diseased seed from the previous harvest, 9 to 11 
months old, is not safe for spring planting. 

3. Plant seed in all seed production fields at least one-half inch deep 
with complete soil coverage as an extra margin of safety. Good seedbed 
preparation facilitates this practice. 

4. Plow lip badly infested fields when notified by the Experiment Sla- 
tion. Plowing should be done before May 1 to prevent emergence of 
apothecia and conseipient danger to nearby fields. • 

5. Preharvest tests are justified only for those fields indicated as mar¬ 
ginal in the seed test. 

6. Cultural practices that will reduce the disease are as follows: l*as- 
tures may be a source of infestation; therefore, it is recommended that 
pastures should be planted with disease-free or two-year-old seed, and that 
no heading in pastures be permitted until after July in seed producing 
districts. Clean plowing is desirable to bury the blind seeds below the fur¬ 
row slice if possible. Good soil drainage would be helpful, since apothecial 
production is favored by wet soils. 

DISCUSSION 

Blind seed disease of perennial ryegrass has been successfully controlled 
in Oregon by the control program described in this paper. A comparison 
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of the Oregon program with programs in foreign countries suggests tliat 
one of the main reasons for lack of control elsewhere has been the failure 
to eliminate infested fields. Because of the natural spread of the disease 
by ascospores, the excellent control measure consisting of planting disease- 
free or properly aged seed cannot provide more than partial control when 
the disease is left unchecked in nearb>^ fields. This situation is acknowl¬ 
edged by Neill and Hyde (20) who suggest the development of resistant 
varieties as the most hopeful method for control. The situation, as it ap¬ 
peared in 1943 the world over, was well described by Greenall (8) who 
stated that much is known about the disease but little about its control. 
Corkill and Rose (3), as late as 1945, reported that none of the suggested 
control methods appeared to be completely effective in controlling the 
disease in a season favorable for disease development. 

Since there is a fundamental difierence between culture of perennial 
ryegrass in Oregon and in foreign countries, it may not be practical to 
operate elsewhere the plan as developed in Oregon. In foreign countries 
l^erennial ryegrass apparently is grown primarily for pasture, with seed 
production a secondary proposition. Greenall (8) states that seed pro¬ 
duction in New Zealand depends on wet weather furnishing abundant 
pasture so that part of the plantings can be closed up for seed production. 
In contrast, in seed harvest areas of Oregon perennial ryegrass is grown 
primarily for seed production, and pasture use of seed fields, while im¬ 
portant, is a secondary utilization. This striking difference makes it easy 
tb put into operation the plan described under the Orpgon program and 
probably would make it difficult to operate iii foreign countries. The plow¬ 
ing up of infested but otherwise good forage producing fields would appear 
to be difficult to obtain in New Zealand, especially when the risk of seed 
production is not too good. 

Under these circumstances, it is difficult to determine how the disease 
could be controlled satisfactorily in other countries unless by resistant 
varieties or by designating special districts for seed production and others 
for forage as suggested by Hyde (12). 

Hyde (12) suggested that the more arid districts must be looked to for 
quality seed production in New Zealand. This may be a good plan. It is 
noticeable that the disease has been slow to penetrate into the drier areas 
in Oregon. This, however, probably will not be an important factor in 
Oregon because most of the ryegrass seed is produced and probably will 
continue to be produced on land with poor drainage, making it very favor¬ 
able for disease development. Climatic conditions appear to favor the 
disease nearly every year over a large part of the seed production area. 

The pre-harvest testing plan for control as practiced in foreign countries 
is not adapted to Oregon conditions and was discarded early in these 
investigations. This plan which involves the detection and cutting of worth¬ 
less crops for hay or waiting for a later clover seed crop invites difficulties 
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the following year, since this procedure leaves the maximum amount of 
diseased seed in a field. The disease potential is very high, and if soil 
moisture is sufficient to permit production of apothecia, the crop may be a 
total loss. Since in New Zealand (8) much of the seed production depends 
on abundant rainfall, the iiroduction of good quality seed is always 
jeopardized. 

Under the Oregon program for inspection of seed samples, farmers are 
advised months in advance of the next harvest whether or not they can 
expect a good crop. Worthless crops can be avoided and infested stands 
destroyed long before harvest, permitting the farmer to produce other crops 
or fallow his land. At the same time, other fields are protected by this 
removal of heavy inoculum that would otherwise be disseminated. The 
owners of safe fields have increased assurance of good crops. This program 
has nearly stabilized the perennial ryegrass seed producing industry in 
Oregon as far as seed germination is concerned. 

In controlling this disease, consideration must be given to the fact that 
the production of seed of perennial ryegrass, in common with that for most 
other forage crops, normally returns a relatively low acre income. There¬ 
fore, most of the control to be practical must be derived through cultural 
practices. Fortunately, the successful control j)rogram in Oregon consists 
largely of proper cultural practices with close attention to the developmental 
history of disease in each field. The service to growers, consisting of seed 
inspection and field recommendation, is in demand and is being adopted as 
a function of the Oregon Experiment Station. 

Seed treatment tests failed to provide satisfactory control in Oregon. 
This substantiates findings elsewhere. However, ample amounts of aged 
seed and disease-free seed have been available to meet the needs of Oregon 
farmers for planting new seed production fields. 

Trials (in suppression of apothecia and protective head treatments did 
not meet with practical success. This approach to the problem is regarded 
as impractical, and further trials have not been made. 

Planting seed deep to prevent emergence of apothecia, as first suggested 
by Wilson et at. (25), has met with general success in both laboratory and 
field trials and has been further verified by field observations. Planting 
seed in all new seed fields at least one-half inch deep with complete soil 
coverage has been recommended in Oregon for 1945 and 1946 (9, 10) as an 
extra precaution against spread of the disease. 

Burning stubble and straw residue has given good control in badly 
infested fields. However, in Oregon, burning is regarded as a drastic treat¬ 
ment and is recommended only for fields that have become severely infested 
during the first or second year. It is suggested that older fields be plowed 
because yields are generally declining and weeds are usually becoming a 
serious problem (9, 10). 
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The disease lias not been found in re^rowth heads that invariably form 
after harvest in perennial ryegrass fields. This suggests that there is no 
increase of the disease in a field after the regular seed harvest in Oregon. 

The investigations in Oregon have been in large part, by necessity, a 
matter of field experimentation on a very large scale. By a study of case 
histories it was possible to predict fairly well the course of events in specific 
fields. The program involving recommendations to farmers is still subject 
to improvement and probably will be further refined to meet changing con¬ 
ditions. The success so far attained suggests that the program is worthy of 
trial in other countries. 

SUMMARY 

1. Blind seed disease of perennial ryegrass has been controlled success¬ 
fully, apparently for the first time, in fields in Oregon. Control is based on 
the elimination of badly diseased fields through a program of insj)ection of 
seed samples from the previous crop from all fields and recommendations 
developed for growers. 

2. Experimental work indicated the following; 

Seed treatment, protective head sprays and dusts, and chemical soil 
treatments to suppress apothecia are not of practical value. 

Aging of seed eliminates danger of spread by seed. 

Seed planted one-half inch or deeper with complete soil covei*age 
prevented emergence of apothecia. 

Burning straw and stubble after harvest controlled the disease for 
at least one year. 

The disease has not been found in regrowth heads produced after 
the regular seed harvest. 

3. Preharvest testing as a control measure is regarded as impractical 
in Oregon and has been replaced by the program of inspection of seed 
samples. 

Oregon Agricultural Experimental Station, 

Corvallis, Oregon. 
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BOOK REVIEWS 


Wolf, Frederick Taylor. The Aquatic Oomycetes of Wisconsin, Part 1. G4 , 52 
fig. The University of Wisconsin Press, Madison, Wisconsin, 1944. -iil.oU. 

In the prescht confused state of fungus classification and nomenclature, the deter¬ 
mination of species remains a difficult task requiring the attention of specialists in 
particular groups. The task is brought within the range of the general mycologist, 
however, with the appearance of local floras of this type, in which the literature is 
organized, nomenclatural problems are reduced, and the work of identification simplified 
because of the limited number of species to be considered. A local flora is of value 
only to the extent that it is based upon critical study of a sufficient amount of 
material to assure a reasonable degree of completeness. Wolfes study of fifty-five 
species in twenty-two genera of the Lagonidiales, Blastocladiales, Monoblcpharidales, 
Saprolegniales, Leptomitales, and Pythiales appears to be satisfactory in this respect. 
It includes several species of pathological importance. The descriptions and illustra¬ 
tions of species and the keys to facilitate their identification should be a welcome 
aid to mycologists and pathologists in Wisconsin and adjacent areas, while the 
introductory discussion and the extensive list of literature should find even wider 
interest. More specific information on the extent of the survey upon which the work 
is based would make an estimate of its probable completeness more precise. Also, a 
general discussion of habitats and ecological relationships might be a desirable addition. 
There must inevitably be omissions in an initial survey of such obscure organisms. 
Nevertheless, the work is an important contribution .Miid stimulus to the production of 
a comprehensive flora.—E. S. Luttrell, Departnumt of Botany, University of Mis¬ 
souri, Columbia, Missouri. 

Dickson, James G. Diseases of field crops. 401 pp. McGraw-Hill Book Company, Inc. 
New York and London. 1947. $4.50. 

This book presents briefly and concisely the important information on diseases of 
field crops. It is a revision of ‘^Outline of Diseases of Cereal and Forage Crop Plants 
of the Northern Part of the United States, published in mimeoj)rint by Burgess 
Publishing Company, Minneapolis, in 19.39. There has been considerable change in the 
scope of material presented: diseases of five additional crops have been included, 
significant new information has been added, and the literature list for each chapter 
has been revised and brought up to date. In addition, 102 illustratioiis have been 
included. 

The text is divided into four sections; Part 1, General introduction, includes a 
brief discussion on physiologic anatomy of certain plants in relation to diseases; 
Part 2, Diseases of cereals and grasses; Part .3, Diseases of legumes; and Part 4, 
Diseases of fiber and other field crops. In addition to a good index, the book also 
contains an ax)pendix in which the diseases are grouped on the basis of the primary 
causal agents and a second appendix in which the causal organisms arc arranged 
according to order and family. 

Tho crop plants are arranged alphabetically in each section. As in the previous 
publication, the diseases of each crop are considered in the following sequence: non- 
parasitie, virus, bacterial, phycomycetous, ascomycetous, hy])oinycetou8, and basidiomy- 
cetous diseases. Although detailed discussion of a particular disease is given under 
one crop only, considerable repetition sometimes appears if the disease occurs on 
several hosts. This also necessitates frequent cross-references to different chapters. 
If the book were organized on the basis of diseases, its value as a text book would be 
materially increased. This would allow for more definite information on certain diseases 
without increasing the volume of the book. However, the book was intended as 3 
convenient reference outline and I presume many crop specialists would prefer the 
arrangement on the crop basis. 

The more important diseases are discussed from the following standpoints: 
Geographic distribution, economic importance, symptoms, causal agent (and morphology 
of tho organism), conditions conducive to development, and control measures; while 
less important diseases usually are presented briefly. Keys for the determination of 
physiologic races of many of the important pathogens are included. 

Many of the illustrations in the book are excellent and valuable for diagnostic 
purposes, others are poorly reproduced, and a few are worthless. The quality of illustra¬ 
tions probably may bo attributed to the type of paper used, and I presume will be 
remedied as soon as a better quality of paper becomes available. The book is well 
written and relatively free from typographical errors. The book should be of 
material value to pathologists and crop specialists everywhere. The author should be 
commended not only for bringing a vast amount of material together in one volume, 
but because of his generosity in relinquishing all claims to royalties and thus reducing 
the price of the book.—J. J. Christensen, University Farm, St. Paul 1, Minnesota. 
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HOSTS OF THE TOBACCO STREAK VIRUS^ 

Robert W. Fulton 
(Accepted for publication October 13, 1947) 

The tobacco streak disease was first described, from Wisconsin, by John- 
soi. (7). He reported it in 1935 as usually occurring on scattered plants, 
having seen it in abundance only once. Since then it has become much more 
common and has been reported from other states and countries. It is widely 
distributed in Wisconsin; by the middle of early August nearly every field 
of tobacco has at least a few infected plants. A high percentage of infec¬ 
tion along the borders of fields is not uncommon. 

In order to devise control methods, information is needed on the manner 
in which the virus overwinters and how it spreads to tobacco. The localiza¬ 
tion of the disease near the edges of tobacco fields led Johnson (7) to suggest 
that infected perennial weeds were the source of the virus. Except for the 
experimental infection of 35 species of Nicotiana by Diachun and Valleau 
(6), only a few species in other genera are known to be susceptible to the 
virus. Anderson (2) reported the infection of jimson weed and ground 
cherry and thought that the virus probably was transmitted from these 
hosts to tobacco. A high incidence of tobacco streak near perennial sweet- 
clover has been reported by Valleau (8) and Berkeley and Phillips (4). 
In Wisconsin, none of the localized areas of heavily infected tobacco has 
been found adjacent to sweetclover. For this reason, other plants were 
suspected of harboring the virus. The present paper reports various plant 
species found infected near tobacco fields, and lists species found susceptible 
by artificial inoculation. 


METHODS AND MATERIALS 

To determine the incidence of the streak virus in wild and crop plants, 
collections were made in areas near infected tobacco fields. Young leaves 
of plants showing virus-like symptoms, as well as others appearing healthy, 
were macerated in a mortar and the extract wiped with a gauze pad on the 
leaves of 5 small healthy Havana-Seed tobacco plants in the greenhouse. 
The tobacco leaves were dusted lightly with carborundum before being 
inoculated, and rinsed with water after inoculation. These plants were 
observed for two weeks or longer under conditions favorable for the devel¬ 
opment of streak symptoms. 

In determining the experimental host range of the virus, species^ of 
plants, selected at random, were grown from seed in the greenhouse. When 

^ Supported in part by the Research Committee of the Graduate School from funds 
supplied by the Wisconsin Alumni Research Foundation. 

*The author wishes to thank the Seed Inspection and Weed Control Laboratory, 
Wisconsin Department of Agriculture, for identifying certain species, and for providing 
seed of others. 
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still young, the plants were dusted with carborundum and inoculated with 
a fresh extract of the streak virus from recently infected tobacco plants. 
After 10 to 14 days, an attempt was made to transfer the virus from these 
plants to 5 healthy tobacco plants. If no infection resulted, the original 
plants were reinoeulated and a second effort was made to recover the virus 
on tobacco. 


NATURAL INFECTION IN WEEDS AND CROP PLANTS 

In the late summer and fall of 1946, 159 inoculations were made from 
various species collected on 6 farms, on 5 of which tobacco streak was 





* 

FIG. 1. Loaves of burdock (Arctium minus), showinf^ the toothed typo of mal¬ 
formation due to infection with the tobacco streak virus. The leaf on the left is 
healthy; the leaf on the right is from a naturally infected plant. 

abundant. Nine of these inoculations produced typical tobacco streak on 
tobacco. Table 1 shows the species found infected and the number of times 
that the virus was obtained from each. As a check on the identity of the 
viruses isolated, it was shown that “recovered” leaves of the infected 
tobacco plants did not develop new symptoms when inoculated with known 
tobacco streak virus. 

The symptoms on these naturally infected plants are inconspicuous. 
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except on burdock (Arciium minus (Hill) Benih.). The leaves of infected 
burdock plants are strikingly toothed and thickened, with prominent light 
colored veins (Fig. 1). The infected plants appear very similar to an 
anonymous description (1) of Arctium minus form laciniatum. This taxo¬ 
nomic form may have been based on plants infected with the streak virus. 

The survey was continued in the ^spring of 1947 in the same localities. 
Tobacco streak was recovered 12 times in 127 inoculations from various 
plants. The virus was most consistently isolated from burdock (Table 1). 


TABLE 1 .—Plant spt^cies collected during 2 seasons and found to be naturally 
infected with the tobacco streak virus 




Collected fall 

, 1946 

Collected 

spring, 1947 

Species 

Farm 

Plants 

Plants 

Plants 

Plants 


tested 

infected 

tested 

infected 



Number 

Number 

Number 

Number 

Burdock 

A 

9 

•y 

7 

3 

(Arctium minus 

B 

3 

0 

3 

2 

(Hill) Bernh.) 

C 

1 

0 




D 



3 

2 


E 



5 

0 


F 



o 

1 

Hedge Mustard 

A 

5 

3 



(Sisymbrium 

B 

1 

1 



officinale (L.) 
Scop.) 

D 

1 

0 



White Clover 

A 

3 

2 

4 

1 

(Trifolium 

C 

4 

0 



repens L.) 

D 



4 

0 


E 

1 

0 

1 

0 


F 

1 

0 

1 

0 

Bindweed 

A 

4 

1 



(Convolvulus 






arvensis L.) 






Plantain 

A 

1 

0 

4 

0 

(Plantago 

D 

2 

0 

1 

1 

major L.) 

E 

1 

0 

3 

0 


F 



3 

0 


This may have been due to the conspicuous symptoms, which made it easy to 
recognize infected plants. On two occasions, not listed in table 1, infected 
burdock plants were found some distance away from tobacco fields. The 
virus was never recovered from burdock showing mosaic, yellowing, necro¬ 
sis, or symptoms other than the toothed type of malformation. Burdock, 
in its perennial habit and its wide and abundant distribution, fulfills all 
the requirements for an overwintering host of the streak virus. 

Twenty-four inoculations were made from sweetclover showing various 
virus-like symptoms. None of these produced tobacco streak. Valleau 
(8) and Berkeley and Phillips (4) have reported difiiculty in mechanically 
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transmitting this virus from sweetclover to tobacco. For this reason, nega¬ 
tive evidence may be of little significance. The virus could be transmitted 
readily, however, from artificially infected sweetclover in the greenhouse, 
indicating that at least some infection might have been obtained from field 
grown plants if they had contained the virus. 


EXl'ERIMENTAL HOST RANGE 

Since the species of plants found naturally infected, including tobacco, 
represented 6 different families, it seemed likely that the virus might be 
able to infect many others. In greenhouse tests, this proved to be true. 
Of the 169 species selected at random and inoculated, the virus was sub¬ 
sequently recovered on tobacco from the following 87 species, listed by fam¬ 
ilies. Species in parentheses were not tested but are listed because they 
have been reported susceptible by other authors. 


Apocynaceae 
Finca rosea L. 

Asclepiadaceae 
Asclepias syriaca L. 

Caryophyllaceae 
Cerastium vulgatum L. 

Lychnis alba Mill. 

Silene noctiflora L. 

Spergula arvensis L. 

Chenopodiaceae 
Beta vulgaris L. 

Chenopodium album L. 

Spinacia oleracea L. 

COMPOSITAE 

Arctium minus (Hill) Bernh. 
Callestephus chinensis Nees.* 

(Calendula officinalis L.)^ 

Ambrosia artemisifolia L. 

A, trifida L. 

Cichorium endiva L. 

Taraxacum officinale Weber 
Sonchus oleraceus L. 
iMctuca sativa L. 

Venidium fastuosum 
Zinnia elegans Jacq. 

Convolvulaceae 
Convolvulus arvensis L. 

Convolvulus sp. 

Cruciperae 
Brassica arvensis L. 
lodanthus pinnatifidus (Michx.) Stcud. 
Sisymbrium officinale (L.) Scop. 

CUCURBITACEAE 

Cucumis sativus L. 

C. melo L. 

Cucurbita maxima Duchesne. 

C* pepo L. 

Citrullus vulgaris Schrad. 


Sicyos angulatus L. 

Labiatae 
Nepeta cat aria L. 

Leguminosae 
Acschynomene indica L. 

Crotalaria intermedia Kotschy 
Cyamopsis tetragonalobus (L.) Taub. 
Dolichos biflorus L. 

Hedysarum coronarium L. 

Melilotus alba Desr. 

M, officinalis Lam. 

Phaseolus aconitifolius Jacq. 

P. aureus Roxb.. 

P. vulgaris L.f 
Pisum sativum L. 

Psoralea bituminosa L. 

Bobinia pseudo-acacia L. 

Soya max (L.) Piper. 

Trifolium glomeratum L. 

T. incarnatum L, 

T. praetense L. 

2’. repcns L. 

Trigonella sp. 

Vida faba L. 

Malvaceae 

Abutilon Iheophrasli Medic. 

Althaea rosea L. 

Hibiscus esculentus L. 

Hibiscus sp. 

Gossypium hirsutum L. 

Malva rotundifolia L. 

Nyctaoinaceae 
Mirabilis jalapa L. 

Onagraceae 
Oenothera biennis L. 

Plantaoinaceae 
Plantago major L. 

Polyoonacbae 

Fagopyrum esculentum Gaertn. 
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Bum fix hritannica L. 

B, crispus L. 

Polygonum persicarae L. 

PORTULACACEAE 
Portulaca.olfiracfia L. 

Rosaceae 

Fragaria virginiana Duchesne. 
Oeum sp. 

t'otc-ntilla monspeliensis L. 

SOLANACEAE 

Capsicum frutescens L.* 

Datura metcl L. 

D. stramonium L. ® 

Lycium lialimifolium Mill. 
Lycopfirsicon esculfintum Mill. ” 
Nieandra physaloides (L.) Pers. 
Nieotiana app. 


Petunia hybrida Vilm. * 
Physalis puhescens L. * 
Schizanthus wisfi.tonfinsis Low. 
Solanum aculfiatissimum Jacq. 
S. dulcamara L. 

8. infegrifolium Poir. 

8. melongcna L. 

8. nigrum L. 

8. triflorum Nutt. 

8. tuberosum L. " 

SCROPHULARIACEAE 
(Antirrhinum majus L.)*- 
Verbascum thapsus L. 

Tropaeolaceae 
Tropaeolum majus L. 

IJmbelliferae 
Apium gravfiolans L. 


Under high greenhouse temperatures (80® F.) and short-day condi¬ 
tions, the following symptoms were characteristic of the families involved: 
COMPOSITAE, mosaic or necrotic flecking; CVCTJEBITACEAE, yellow 
mottle; LEGTJMINOSAE, necrosis, slight mottle, or symptomless; MAL¬ 
VACEAE, brown necrotic spots and lines; ROSACEAE, mosaic and stunt¬ 
ing; SOLANACEAE, chlorotic ring spot, mosaic, or systemic necrotic 
lines. On most of the other species the symptoms were not distinctive. 

All of the species listed were infected by mechanical inoculation except 
Pisum sativum L. and Trifolium praetense L. These were infected through 
a dodder {Cuscuta campestris L.) connection to diseased tobacco, the virus 
being transferred mechanically back to tobacco after removal of the dodder. 

Ring-spot symptoms were produced on Phytolacca decandra L., and 
necrotic flecking on Cichorium Intyhus L., but no virus could be recovered 
from these species either mechanically or through dodder. 

The infection of 3 rosaceous species, and the subsequent recovery of the 
virus on tobacco, are of some interest. Bawden and Kleczkowski (3) have 
pointed out that no virus infecting the Uosaceae is known to be transmitted 
mechanically. They have suggested that this is due to virus inactivation 
by tannin when the infected leaves are crushed. Apparently this is not the 
case with the tobacco streak virus. Thirty-four of 40 tobacco plants be¬ 
came infected when inoculated with leaf extracts from infected Rosaceae, 
but only 12 of 44 rosaceous plants became infected when inoculated with 
the streak virus from tobacco. The limiting factor here appeared to be the 
relative insusceptibility of the 3 species. 

A number of other species also showed a high degree of resistance. None 
of the cruciferous species could be infected consistently, ami several solan- 


* Previously reported not susceptible by Berkeley and Phillips (4). 
‘Previously reported susceptible by Berkeley and Phillips (4). 
“Previously reported susceptible by Johnson (7). 

•Previously reported susceptible by Anderson (2). 

^Previously reported not susceptible by Johnson (7). 

•Previously reported susceptible by Valleau (9). 
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aceoiis species, particularly tomato and potato, could not be infected 
regularly. 

The species which did not become infected are not listed, since in some 
cases only a few plants were inoculated. It is likely that at least some of 
these would prove susceptible if larger numbers were used. 

QUANTITATIVE ESTIMATION OF VIRUS INFECTIVITY 

One of the purposes of inoculating a large number of species was to find 
a host more suitable than tobacco for certain types of research. A species 
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Fio. 2. Local lesions produced by the tobacco streak virus on guar (Cyamopsia 
tetragonalohus). The leaf was inoculated with a 1:1 dilution of the streak virus, and 
photographed 3 days after inoculation. The scale shown is in centimeters. 


which develops local lesions would be particularly useful. Some varieties 
of garden beans developed the diffuse, reddish-brown, necrotic spots des¬ 
cribed by Berkeley and Phillips (4). Others, principally selections of the 
Great Northern variety, developed distinct necrotic spots. The num¬ 
ber of lesions was small, and occasionally no infection could be obtained. 
Another legume, guar (Cyamopsis tetragonalohus (L.) Taub.), was much 
more susceptible than bean. Small, dark, local lesions appeared about 48 
hours after inoculation (Fig. 2). These showed little tendency to enlarge 
or spread, remaining distinct for 10 days or more. The first 3 or 4 leaves 
the plant produces are simple and usually 5 to 8 cm. long. Although the 
leaves are not as large as the primary leaves of bean, the lesions were small, 
and several hundred on one leaf could be accurately counted. 
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Since an inoculum of high infectivity is necessary for consistent infec¬ 
tion, some measurements of virus infectivity on guar are presented. As 
has been reported by Diachun (5), the presence of M/10 Na 2 HP 04 in the 
inoculum increased the number of lesions. It was found further that the 
amount of infective virus in tobacco was much greater in the inoculated 
leaves than in other parts of the plant. Comparisons of infectivity were 
made using inocula prepared by grinding 0.1 gram of tissue in 0.4 ml. of 
M/IO Na 2 lIP 04 . Three different extracts were inoculated in pairs on 
opposite half-leaves of guar, so that each possible pair occurred once on 
each of 3 leaf positions. Thus each extract was inoculated to a total of 
6 half-leaves on 3 guar plants. In one trial, with inoculum taken from a 
tobacco plant which had been infected for 10 days, the extract of the 
inoculated tobacco leaves gave a total of 132 lesions on 6 half-leaves of guar, 
while extracts of the systemieally diseased, and the symptomless tobacco 
leaves gave totals of 5 and 1 lesions, respectively. Other trials gave similar 
results. 

It was also found that a marked decrease in infectivity occurred in 
extracts within a few minutes after the infected tissue was ground. In one 
representative trial, the left halves of 3 leaves on 3 plants were inoculated 
immediately after grinding 0.1 gram of tissue in 0.9 ml. of M/10 Na 2 HP 04 . 
The right halves were inoculated, in a Latin square design, after 5, 10, and 
15 minutes. The leaves inoculated immediately gave an average of 95 
lesions on 3 half-leaves. The total lesions on the 3 half-leaves inoculated after 
5,10, and 15 minutes were 88, 62, and 31 respectively. Other trials, extend¬ 
ing over longer periods, showed a greater decrease in the number of lesions. 
In order to obtain highly infective inoculum, therefore, tobacco leaves 
which had been inoculated 5 to 10 days previously were ground with M/10 
Na 2 HP 04 and used immediately. Many of the host plants could be infected 
only when this practice was followed. 

DISCUSSION 

The recovery of the tobacco streak virus from various species near 
tobacco fields in the late summer, and again the following spring, indicates 
the manner in which the virus overwinters. In view of the wide host range, 
there undoubtedly were other species infected which were not found. The 
evidence indicates that,burdock is an important reservoir for the streak 
virus in Wisconsin. It may be that in other regions different species are 
more commonly infected. 

The relative importance of the different susceptible species to the streak 
disease of tobacco is difficult to determine. In the absence of a known 
insect vector, the actual spread of the virus from a wild host remains to be 
demonstrated. The habits and feeding preferences of the vector will de¬ 
termine, to some extent, which host plants are most important to the dis¬ 
ease on tobacco. 



428 


Phytopathology 


[VoL. 38 


The evidence suggests that the disease is endemic in certain wild plants. 
It is difficult, however, to account for the increasing amount of the disease 
on tobacco. Each of the 5 species found naturally infected is common and 
widely distributed. The virus is evidently not limited in its distribution 
by a lack of susceptible hosts. 


SUMMARY 

The following plants were found naturally infected with the tobacco 
streak virus in the vicinity of diseased tobacco fields: Burdock^ white clover, 
hedge mustard, bindweed, and plantain. Burdock appears to be the weed 
which is most commonly infected with streak in Wisconsin. 

A large experimental host range was found for the virus, 87 out of the 
169 species inoculated being susceptible. Inoculum prepared from prev¬ 
iously inoculated tobacco leaves was much more infective than inoculum 
from systemically diseased, or upper, symptomless tobacco leaves. The 
infectivity of the inoculum decreased rapidly within 15 minutes after the 
tissue was ground. 

Wisconsin Agricultural Experiment Station, 

Madison, Wisconsin 
and 

Division op Tobacco, Medicinal and Special Crops, 

United States Department op Agriculture 
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THE YELLOW-NET VIRUS DISEASE OF SUGAR BEETS' 

Edward S. Sylvester ® 

(Accepted for publication January 13, 1948) 

INTRODUCTION 

An apparently undescribed virus disease of the sugar beet {Beta vul¬ 
garis L.), causing a severe veinal chlorosis (Fig. 1, right) and transmissible 
by the green peach aphid, Myzus persicae (Sulzer) was collected in the 
field in June, 1945.^ The virus is not juice transmissible, but can be trans¬ 
mitted with ease by means of the vector. The aphid retains the ability 
to transmit the virus throughout its experimental life, and consequently 
the virus is considered to be a persistent aphid-borne virus (24). 

REVIEW OP LITERATURE 

The previously described virus diseases of sugar beets are: curly top 
(21), Argentine curly top (2), sugar beet leaf-crinkle (26), savoy (4), 
beet mosaic (9), beet virus yellow’s (10), sugar-beet yellow vein (1), yellow 
wilt of sugar beets (3), and cucumber mosaic in sugar beets (9). 

The yellow-net disease differs from all of these diseases in its syndrome. 
In addition, it varies from curly top, Argentine curly top, beet leaf-crinkle, 
savoy, yellow vein, and yellow wilt in that it can be transmitted by an 
aphid. 

The three additional aphid transmissible virus diseases of sugar beets, 
i.e.f beet mosaic, beet yellows, and cucumber mosaic, have been recognized 
in the literature for a number of years. The sugar beet mosaic disease is 
world wide in its distribution (7, 11, 13, 14, 16). This virus is juice trans¬ 
missible and is not retained for more than a few hours by its vector (23). 
The symptoms consist of an initial vein-translucency or yellowing on the 
youngest leaves. This is succeeded by a diffuse light and dark green mott¬ 
ling over the entire plant. Initial mild leaf distortion may occur in severe 
cases. In mature leaves the symptom expressed is usually one of small 
light green rings on a dark green background. The early stage of vein 
yellowing in some of the mosaic specimens often is indistinguishable from 
that produced by the yellow-net virus. However, the later phases of the 
two diseases are distinct in symptomatology. 

Sugar beets are susceptible to the cucumber mosaic virus. This virus, 
like the beet mosaic virus, is juice transmissible, and is not retained by the 
aphid vectors. 

^ A condensed portion of a thesis presented to the graduate division of the Univer¬ 
sity of California, February, 1947, in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

* Junior Entomologist in the Experiment Station and Instructor in Entomology, 
University of California, Berkeley, California. 

® The material was collected by L. D. Leach, Associate Plant Pathologist, University 
of California, Davis, California. 
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The symptoms induced in sugar beets by the cucumber mosaic virus are 
local lesions on inoculated leaves. These lesions are yellow, have diffuse 
margins, and tend to enlarge as the leaf ages. In systemic infection, the 
newly developing leaves are affected with a partial chlorosis, often apical, 
which is not confined by tissue regions. There is no vein translucency or 
vein yellowing in the newly developing leaves. Later the leaves develop a 
coarse green and yellow mottle, and at times the green areas cup outward 
to produce blister-like elevations. There is stunting and leaf malforma¬ 
tion. In symptomatology, juice transmissibility, and vector relationships, 
this virus disease differs clearly from the yellow-nct disease. 


Fig. 1. Leaves from sugar beets experimentally infected with the yellow-net virus 
showing the chlorosis of the veins and veinlets. 




The beet yellows virus and the yellow-net virus have two characteristics 
in common. They are transmitted by aphids and they are not juice ino- 
culable. Beet yellows has been noted in England (14) and Europe (16), 
but not in the United States. Symptomatologically, the two diseases are 
distinct. Hull and Watson (10) reported the symptoms of beet yellows as 
consisting of a yellowing, thickening, and a brittleness of the outer or 
middle-aged leaves of the affected plant. The young central leaves gen¬ 
erally remain green, and under favorable growing conditions they make 
moderate growth. Usually, however, in an early infection, growth almost 
ceases. The yellowed leaves later become necrotic and die. The symptoms 
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produced by the yellows virus are distinct from those induced by the 
yellow-net virus, and it is unlikely that any confusion between the two 
diseases would arise. 

Bennett (1) made note of a disease of sugar beets which he termed 
sugar-beet yellow vein. He stated that the virus disease had not been des¬ 
cribed to date, but had been known to occur since 1936 in experimental 
plots at Riverside, California. It also had been known to occur in Colorado. 
I he symptoms reported consisted of a “distinct yellowing along the main 
veins of leaves, dwarfing of the plant (often more marked on one side), and 
general yellowing of the foliage.’’ Bennett also stated that the virus was 
not juice transmissible, but had been transmitted by grafting, and “ap¬ 
parently the virus is not transmissible by the aphid, Myzus persicae 
(Sulz.).” 

The author has discussed the symptoms of the sugar-beet yellow vein 
disease with Bennett and has seen photographs of diseased plants. From 
the symptoms expressed on the photographed leaf blades, it would be diffi¬ 
cult to distinguish the disease produced by the sugar-beet yellow vein virus 
and that induced by the yellow-net virus. However, the stunting, often 
asymmetrical, exhibited by plants infected with the sugar-beet yellow vein 
virus has never been observed in connection with the yellow-net virus. 
Furthermore, the latter virus is readily transmitted by the green peach 
aphid. 

In spite of the similarity of the leaf symptoms of the two diseases, it is 
considered that the presence of asymmetrical stunting and lack of aphid 
transmission in the yellow vein disease described by Bennett is of sufficient 
importance to permit separation of that disease from the yellow net disease 
described in this paper. 


MATERIALS AND METHODS 

The original diseased plants were obtained on Sherman Island near Rio 
Vista, California. In later experiments, plants inoculated from these origi¬ 
nal plants were used as virus sources. 

Noninfective aphid colonies were maintained upon large healthy sugar 
beets and originated from a colony of green peach aphid feeding upon a 
disease-free beet plant in the greenhouse. 

The test sugar beet plants were grown from seed which had been 
planted in flats and later transplanted into 4-inch pots. The plants were 
grown, inoculated, and incubated for the appearance of symptoms in the 
greenhouse. 

The aphids were transferred from plant to plant with a camel’s-hair 
brush. The plants, during the feeding periods of the vectors, were caged 
in the standard type of cage described by Severin et al. (6, 22). Following 
inoculation, the plants were usually fumigated with nicotine to kill the 
insects present. 
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GEOGRAPHICAL DISTRIBUTION OP THE DISEASE 

Yellow-net of sugar beets has been noted in the field only in northern 
California. Leach has sent specimens from Sherman Island and Isleton, 
California. Specimens have been collected near Mt. Eden, California, and 
in the Rio Vista area. Thus far, diseased specimens found in the field have 
been limited in number and relatively isolated. 


SYMPTOMS 


The symptoms manifested in a typical specimen of the disease consist 
of a yellow network of veins and veinlets against a background of green 



Fig. 2. Leaves from Swiss chard experimentally infected with the yellow-net virus 
showing variations in the magnitude and intensity of symptom expression. 


interveinal tissue. The symptoms may appear within 9 days following 
inoculation of a small healthy beet seedling by means of an infective aphid. 
Usually the first symptoms are expressed on the youngest leaf of the plant. 
When the youngest leaf exhibits symptoms early in its development, the 
main lateral veins arising from the midrib often are the only ones affected 
by the chlorosis. As the leaf expands and matures, the chlorosis involves 
more and more of the veinlet network. It is from such symptoms that the 
name, yellow net, is derived. 

Variation from the typical symptom pattern is of common occurrence, 
but it appears to be merely a difference in intensity of symptom develop¬ 
ment, both in the number of veins and veinlets affected and in the lateral 
dispersion of the chlorosis from the veinlets into the adjacent tissues. 
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Frequently one of the first recognizable symptoms found in an inocu¬ 
lated plant consists of one to several scattered yellow spots on a leaf blade 
(Pig. 2, left). The number, shape, and size of the spots vary, but the 
usual shape is circular and the usual diameter is approximately 1 mm. 
Occasionally, only one spot can be detected upon an entire plant. 

Usually, following the appearance of the yellow spot phase, the yellow- 
net phase develops. The extent of involvement of the veinlet network 
varies, in some cases only some of the larger secondary veins and larger 
veinlets are affected (Fig. 2, left), while in other instances it appears as if 
every vein and veinlet has been affected by the chlorosis (Fig. 2, center). 

In some plants the chlorosis involves more area, by diffusing from the 
veinlets into adjacent mesophyll areas. This diffusion produces a pattern 
of wide yellow veins separated from one another by the green mesophyll 
tissue. The lateral diffusion may increase and the areas of spreading chloro¬ 
sis coalesce, thus surrounding small areas of green tissue and producing a 
green island pattern. In severe cases this phase is followed by complete 
obliteration of the green islands of tissue by further diffusion of the chloro¬ 
sis, and the leaf blade then is completely chlorotic. The color of the chloro¬ 
sis may vary from cream to golden yellow under greenhouse conditions. 
The complete chlorosis is confined to the oldest leaves, while the younger 
leaves of such plants usually have a rather broad, diffuse form of the yellow- 
net symptom. 

In older inoculated plants, the symptom expression may be confined 
to a yellow spot phase or a slight peripheral yellow net pattern. In some 
cases, as the plants grow older, the symptoms tend to become milder, or even 
disappear. Virus recovery trials from such plants have demonstrated that 
virus is still present, and that it will induce typical symptoms. 

Other variations are those in which only certain portions of the leaf 
blade are affected. One of the more common examples of this type is an 
asymmetrical symptom expression by a leaf blade (Fig. 2, right). In other 
cases only the base of the leaf blade may be affected, while in others 
symptoms may be limited to one of the lower quarters of the blade. These 
variations probably are associated with the state of maturity of various 
portions of the leaf blade when invasion by the virus occurs. 

The type of symptom expression and the apparent inability of the virus 
to be transmitted mechanically suggest that the virus is dependent upon 
the phloem for successful inoculation. Since the symptoms, at times, tend 
to fade in older plants, it would seem likely that the chlorosis is due in 
part to interference with plastid development, much as in the case of some 
other virus diseases (5). 


APHID TRANSMISSION 

The first diseased specimens were received in June, 1945. Initial juice 
transmission trials were negative. The diseased plants were potted and 
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1 month, at the end of which time a colony of noninfective green peach 
aphid was placed upon each plant. Following the completion of a 10-day 
feeding period, the aphids from each plant were transferred to a series of 
5 healthy beet seedlings for 3 days. The beet mosaic virus was recovered 
only in the first series, and the yellow-net virus was recovered not only in 
the first series, but also in the series of each succeeding day. Table 2 gives 
the results in detail. 

A second group of sugar beets, infected with the yellow-net virus and 
exhibiting good symptoms, was inoculated with the curly top virus by 
means of 5 infective male Eutettix teiiellus (Baker). Four beets were inoc¬ 
ulated, and following an incubation period of 3 to 4 weeks, all exhibited 

TABLE 2 .—Results of trials to recover virus from sugar beets infected with both 
the yellow-net virus and the sugar-beet mosaic virus by means of previously noninfective 
green peach aphid apterae fed upon the infected beets 10 days and then transferred 
daily to lots of 5 healthy beet seedlings. 




Numl)er of beets infected 


Virus source 

Virus 

on three successive days 

Total infected 

beet no. 

recovered 

— 



out of 15 inoculated 



1 

2 

3 


1 

Mosaic 

0 

0 

0 

0 


Yellow net 

2 

3 

5 

10 

o 

Mosaic 

0 

0 

0 

0 


Yellow net 

2 

2 

1 

5 

‘3 

Mosaic 

4 

0 

0 

4 


Yellow net 

3 

3 

1 

7 

4 

Mosaic 

0 

0 

0 

0 


Yellow net 

3 

4 

3 

10 

5 

Mosaic 

0 

0 

0 

0 


Yellow net 

4 

5 

3 

12 


symptoms of curly top on the newly developing leaves, again not accom¬ 
panied by the symptoms of yellow net. After about 3 months, a noninfec¬ 
tive colony of green peach aphid was introduced on to each of the 4 sugar 
beets, and 15 days later the aphids were transferred from each of the 4 
beets to a series of 5 healthy beet seedlings. The yellow-net virus was 
recovered from each of the 4 sugar beets which was infected with the com¬ 
bination of viruses. Following the completion of this test, noninfective 
males and nymphs of the sugar-beet leafhopper were fed on the 4 infected 
beets, and 24 hours later were transferred from each of the 4 plants to 2 
healthy beet seedlings. In this manner the curly top virus was recovered 
from each of the 4 beets. 

In both instances of combination infection, the established virus, the 
yellow-net virus, was replaced in symptom expression upon the newly de¬ 
veloping leaves by the introduced virus, either the sugar-beet mosaic virus 
or the curly top virus. This condition remained in elfect for 3 to 4 months, 
after which time some of the plants exhibited symptoms of both viruses. In 
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any event, whether the plants exhibited a combination of symptoms, or only 
those of the secondarily introduced virus, the primary virus (yellow net) 
could be recovered by means of previously noninfective aphids, and re¬ 
covered in a form which produced symptoms of typical pattern and severity 
in the recipient healthy beet seedlings. 

Numerous workers (8, 12, 15, 25) frequently have used insects to sepa¬ 
rate combinations of viruses in plants. 

From these tests, it is felt that all three of the sugar beet viruses used 
are distinct. 


HOST RANGE 

The following varieties of sugar and garden beets were tested and found 
susceptible to the yellow-net virus: U.S. 15, U.S. 22 (improved), TJ.S. 23, 
II.S. 33, G.W. 49, Detroit Dark Red, and Early Wonder. Swiss chard. Beta 
vulgaris L., var. cicla Hort., (Fig. 2) is susceptible to the virus, and man¬ 
ifests typical yellow net symptoms. 

The following species of plants failed to develop symptoms when in¬ 
oculated with the yellow-net virus. 

Chenopodiaceae: Atriplex patula L., Spear orache; A. rosea L., Red 
orache; Chenopodium murale L., Nettle-leaf goose-foot; Spinacia oleracea 
L., Spinach. 

Compositae: Calendula officinalis L., Pot marigold; Callistephus 
chinensis Nees, China aster; Lactuca saliva L., v^ar. romana Ilort., Romain 
lettuce; Sonchus arvensis L., Sow thistle. 

Convolvulaceae: Ipomoea purpurea Roth, Morning glory. 

Cruciferae: Brassica campestris (Ij.)> Common yellow mustard; B, 
chinensis Baily, Pak-choi; Capsella bursa-past oris (L.), Shepherd ^s purse. 

Cucurbitaceae: Cucumis sativus L., Cucumber. 

Geraniaceae: Erodium moschantum L’Her., White-stem filaree. 

Plantaginaceae: Plaiitago major L., Common plantain. 

Polygonaceae: Polygonum coccineum Muhl., Swamp knotweed; P. 
persicaria L., Lady’s thumb; Rumex crispns L., Curly dock. 

Solanaceae: Datura stramonium L., Jimson weed; Lycopcrsicon esculeu- 
turn L., Tomato; NicotianaJabacum L., Turkish tobacco. 

SUMMARY 

Yellow net, a previously unreported virus disease of the sugar beet, 
Beta vulgaris L., is described. The main symptom of the disease is a bright 
yellow chlorosis of the veins and veinlets of infected plants. The virus is 
not mechanically transmissible. 

The green peach aphid, Myzus persicae (Sulzer) transmits the virus. 
The insect, after becoming infective, remains so for its life under exper* 
imental conditions. 

The average incubation period of the virus in the sugar beet is 24 days, 
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with a minimum of 9 days. The virus may become available to a previously 
noninfective vector 8 days following inoculation. 

Sugar beets can be infected simultaneously with yellow-net and beet- 
mosaic viruses, each in a recoverable state by insects, and the same is true 
of yellow net and curly top. 

The host range of the virus appears to be limited, but all varieties of 
sugar beets and garden beets tested are susceptible to infection, as is Swiss 
chard. 

Division of Entomology and Parasitology, 

Univicrsity of California, 

Berkeley, California. 
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RIIIZOCTONIA CAROTAE N. SP. AND GLIOCLADIUM AUREUM 
N. SP., TWO NEW ROOT PATHOGENS OF CARROTS IN 
COLD STORAGE! 

Wm. E. Rader 

(Accepted for publication January 14, 1948) 

Surveys of stored carrots made during 1948-1046 have shown some 
sixteen diseases to be present in cold and common storages in New York 
State. Two of these diseases were found to be caused by pathogens which are 
believed to be new. These new pathogens which occur in both mineral and 
muckland soils may cause damage during storage in some seasons amount¬ 
ing to 5 or 10 per cent of the crop from certain fields. They are described 
here for the first time under the names Rhizoctonia crater rot and Glioclad- 
ium rot. 


RHIZOCTONIA CRATER ROT 

Ramsey (7) reported in 1934 what is apparently the same disease as 
the one discussed here, although he gave no complete description of the 
organism. Specimens were shipped to him by one of the state inspectors 
at Rochester, New York. In 1942 the disease was brought to the attention 
of the staff at the Cornell Agricultural Experiment Station by the Pair- 
port Storage Company. The disease apparently had been noted previously, 
but during that storage season losses were severe. During the next two 
years losses w^ere light; however, again in the storage season of 1945-1946 the 
disiease was found by the writer in epiphytotic form in several cold storages 
in New York State. At Albion, New York, by January 1, 1946 it was esti¬ 
mated that 10 per cent ot the roots had lesions caused by this pathogen. 
In a cold storage at Fairport, New York, an average of 4 per cent of the 
roots were affected, with certain blocks running considerably higher. In 
one block of carrots in a cold storage at Williamson, New York, an estimated 
5 per cent of the roots were affected. 

Since the causal organism can flourish at temperatures below those 
maintained in cold storages, this disease may reach epiphytotic proportions 
and cause heavy losses in cold storages provided the relative humidities 
are high. 


Symptomatology 

Rhizoctonia crater.rot has been found only on the roots which have 

'Excerpt from a thesis presented August, 1946, to the faculty of the Graduate 
School of Cornell University in partial fulfillment of the requirements for the decree 
of Doctor of Philosophy. * 

The author is indebted to Dr. A. G. Newhall, Bepartment of Plant Patholoav 
Cornell University, under whose direction this work was conducted, for aid and sun’ 
gestions in carrying out the research, to Mr. W. B. Fisher, Photographic Technician 
for help in preparation of the photographic material and to Mrs. M. W Allen of the 
Botan:r department of the same institution, for assistance in the preparation of the 
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been kept in cold storage for two to three months. No visible symptoms 
are evident at harvest time. This disease is first evident when small, whitish 
hyphal knots of the pathogen appear on the roots (Pig. 1, A). Small pits 



/t»x ^ carrots. (A) early stages of the disease on carrot roots, 

(B) cankers produced by artificial inoculation, (C) typical “craters” produced in 
the advanced stages of the disease, (D) culture of 'Rkizoctonia carotae, and (E) culture 
of S. »olam, both incubated 18 days at 15’ C. on potato-dextrose agar. 

then appear under these hyphal knots. At this stage the disease can readily 
be confused with either the Fusarium dry rot, Fusarium roseum (Lk.) 
emend. Snyder and Hansen (P. avenaceum (Pr.) Sace.), or the Glioclad- 
ium rot, Gliocladium aureum, described later. In many eases positive diag- 
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nosis of the cause of these small pits can only be made with the aid of a 
microscope. The characteristic mycelium of the pathogen can be readily 
identified. The pits enlarge into sunken craters lined with a white flocculent 
mycelium (Fig. 1, C). Because of these characteristic craters the common 



Fig. 2. Crater rot of carrots. (A) crate of carrots showing advanced stages of 
decay, (B) photomicrograph of hyphae of Bhizoctonm carotae showing clamp connec¬ 
tions, (C) crater rot lesion invaded secondarily by Botryotinxa FucJceliana, (D) crater 
rot lesion invaded secondarily by ScleroUma sclerotiorum. 

name ‘‘Rhizoctonia crater rot” is suggested for this new disease. The 
fungus spreads rapidly from these craters, in storages with high humid¬ 
ities, until entire crates are covered with the white cottony mycelium 
(Fig. 2, A). The disease at this stage has an appearance similar to the rot 
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caused by Sclerotinia sclerotiorum (Lib.) Debary, which often invades 
these diseased tissues secondarily (Fig. 2, D). It is distinguishable from 
the latter by the presence of a more loose, weftlike mycelium and by the 
absence of sclerotia. The decayed tissues beneath the surface lesions are 
light brown, usually firm and not watery. 

Botryotinia Fuckeliana (Debary) Whetzel (Botrytis cinerea Pers.) and 
Sclerotinia sclerotiorum are found commonly as secondary invaders in these 
lesions (Fig. 2, C). The characteristic symptoms of Rhizoctonia crater 
rot soon become obliterated by these more rapid-growing fungi. 

Pathogenicity 

Carrot roots have been repeatedly inoculated with cultures from tissue 
plantings of diseased roots with the production of the typical firm rot 
associated with the disease in storages. The same organism has been re¬ 
covered from these artificially inoculated tissues. The characteristic pit¬ 
ting, found commonly associated with the disease in storages, has been pro¬ 
duced in the laboratory with difficulty. Apparently an external source of 
nutrients is necessary for the establishment of the fungus prior to penetra¬ 
tion. Unwashed roots with some decaying organic matter present, or 
washed and surface disinfested roots inoculated with a hyphal suspension 
containing particles of agar and incubated at high humidities (at 4°-6° C.) 
usually had the typical pitting on the roots. The pathogen was always 
recovered from lesions produced on inoculated roots. 

Cultural Characters and Morphology 

The mycelium of this organism in culture or on carrots is white to 
slightly brownish, much lighter than the common strains of Rhizoctonia 
solani Kuhn. (Fig. 1, D and E). The hyphae are 2.5 to 4.0/Lt. in diameter, 
branching, with a slight constriction immediately beyond the point of 
branching, septate, with the septa provided with 1 to 5 clamps (Fig. 2, B). 

Sclerotia are readily produced in pure culture. Their cells are hypha¬ 
like in juvenile forms and barrel-shaped in more mature sclerotia. No 
spores or other fructifications have been found associated with this fungus 
either in culture or on infected carrots in storages. 

In culture, isolates of this new pathogen were different in appearance 
than those of the common Rhizoctonia solani or R, tuliparum (Kleb.) 
Whetzel and Arth. The presence of white mycelium and golden yellow^ to 
light brown sclerotia with abundant clamp connections in the hyphae separ¬ 
ate the crater rot pathogen from these other two common pathogens in this 
genus present in New York. 

Matsumoto (6) has made use of the fact that fusion between hyphae of 
different isolates in culture indicates a close relationship of the fungi in 
identifying diverse strains of Hypochnus saskii Shirai. Numerous pairings 
of the carrot pathogen were made by the writer with several strains of B. 
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solani and R. tiUiparum, but no fusions were found. Fusions were abun¬ 
dant in matings within strains of this new pathogen. 

The presence of clamp connections in the mycelium of this fungus (Pig. 
2, B) is indicative of the presence of the nuclear components necessary for 
sexual reproduction (1). Strains without clamp connections on the hyphae 
have never been isolated. Ramsey (7) recorded the presence of basidio- 
spores in the lesions on the carrots which he examined, and designated the 
fungus as a Hypochnus sp. This presumably means that the spores were 
echinulate and colored. However, careful microscopic examination of many 
hundreds of diseased carrots failed to reveal the presence of any basidia or 
spores which could be assigned to this fungus. In the absence of any des¬ 
cription of the organism by Ramsey, and the failure of the author to find 
any sexual spores, this organism is being placed in the form genus Rhizoc- 
tonia with the new name Rhizoctonia carotae being proposed and with the 
following description: 

Rhizoctonia carotae sp. nov. , 

Hyphae hyaline to slightly brownish, 2.5 to 5.0 (mean 4.1) microns in 
diameter, richly branched, septate and the septa provided with 1 to 5 
clamps. Mycelium white in mass on the surface of the suscept tissue or in 
culture. Sclerotia golden-yellow to brownish when old, irregular, 2.5 mm. 
in diameter, formed loosely in the hyphae; cells of the sclerotia barrel¬ 
shaped when old, hyphalike in juvenile forms, walls brownish to yellow, 4.1 
-7.1 (5.1) x4.6-9.1 (6.2) microns, and germinating by a proliferation of 
one side of the cell. Pathogenic on carrot, producing a pitting and decay 
of stored roots. 

Found commonly in cold storages in Orleans, Monroe, and Wayne 
counties. New York, on carrots which have been grown-on both muckland 
and mineral soil. 

Hyphae hyalinae vel aliquantum suhfuscae colorc, 2.5p,-5.0p, (medio 4.1p,) diametro, 
copiose ramosae, scptatac, septis 1-5 elamp-connexionibus ornatis. Mycelium album in 
massa in superficie tissues suscepti aut in cultura. Sclerotia aurco-flava vel subfusca 
quando antiqua, irregularia, 2.5 mm. diametro, laxe in hypliis formata; ccllae sclerotiorum 
dolliformes quando antiquae, in statibus juvenilibus similes hyphorum, parietibus sub- 
fuseis vel flavis, 4.1-7.1 (5.1) x 4.6-9.0 (6.2)p, magnitudine, per prolificem in uno cellae 
parieto germinantesque. Pathogenica in Dauco Carota, foveas ruinamque in radicibus 
reservatis producens. 

Vulgo inventa in promptuariis frigidis in comitatibus Orleans, Monroe, et Wayne 
Eboraci Novi in carotis qui vel in tellure stercuseo vel in metallico solo exculti sunt. 

The type material and photographs have been deposited with the De¬ 
partment of Plant Pathology, Cornell University. Cultures also have 
been sent to the American Type Culture Collection, Washington D. C. and 
the Centraalbureau voor Schimmelcultures, Baarn, Nederland. 

Suscepts 

Inoculations of this pathogen into celery, potato, beet, parsnip, and 
rutabaga did not result in infection. A white-colonied, clamp-forming 
organism was isolated from diseased parsnips that had been grown in 
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Monroe County, New York, where it was found causing a brownish rot siini- 
lar to that produced by Rhhoctonia solani. This clamp-forming fungus 
appeared very similar in culture to R, carotae; however, inoculations into 
both carrots and parsnips did not produce infection. The known suscept 
range of RhizocAotiia carotae, at present, is limited to carrot roots. 

Seasonal Development and Epiphytology of 
Rhizoctonia carotae 

While little is definitely known regarding the life history of this patho¬ 
gen, it is believed that the fungus may follow the same developmental pattern 
as some of the other species of Rhizoctonia. It is presumably a soil inhabit¬ 
ant. The disease is initiated prior to harvest time, or shortly after the 
roots are placed in storage. No visible symptoms are evident at harvest 
on carrots which later develop this disease. Carrots grown on land which 
was planted to other crops for several preceding years may subsequently 
show the disease in storage. The fact that the disease is not evident until 
after 1-2 months of cold storage does not Necessarily indicate that infection 
takes place after the roots are stored, as incipient infections could take 
place in the field. The spotted appearance of the lesions on the roots is 
suggestive of penetration through areas left by dead secondary rootlets. 
Once lesions appear, however, the disease may develop fairly rapidly. A 
period of 2 to 3 weeks is usually required at C. to completely destroy 
a root. 

Storage containers may also serve as sources of primary inoculum for 
this disease. In one storage 19.5 per cent of over 600 isolations made from 
crates and baskets yielded this fungus. Direct microscopic examination 
has also repeatedly revealed its presence on storage containers. 

The pathogen produces an abundance of mycelium over the affected 
areas. Adjacent roots are soon covered with the advancing mycelium and 
fall ready prey to its attack. The fungus grows along the w^ooden slats of 
the containers and spreads to other crates of carrots. In this way a series 
of secondary cycles may be initiated. 

The difficulty experienced in demonstrating the several expressions of 
this disease in the laboratory is indicative of the rather narrow tempera¬ 
ture and moisture requirements for infection and development of the patho¬ 
gen. Observations in storages also support this contention. The greatest in¬ 
cidence of this disease was noted in two storages in which the humidities 
were maintained at near 100 per cent of saturation. The disease has never 
been found in common storages or in cold storages in which, by reason of 
construction or management, the relative humidity was held well below 
saturation. 

The production of the pitting type of symptom in the laboratory has 
been produced only by wrapping inoculated carrots in wet paper toweling 
and placing them in a moist chamber at temperatures between 0° and 5° C. 
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(Fig. 1, B). The ‘'well-method'' of inoculation usually produces the 
typical rot associated with the pathogen. 

Data presented in figure 3 indicate that on agar this organism grows 
over a temperature range of from ~4° to 24° C., with the optimum being 
at 21° C. Infection has been obtained from 0° to 15° C. on carrots arti¬ 
ficially inoculated and placed in moist chambers. 



TEMPERATURE 


Fig. 3. Growth of Bhhoctonia carotae in Petri plates incubated for 
various temperature levels. 


ten days at 


GLIOCLADIUM ROT . 

This disease occasionally caused only slight losses in stored carrots 
in cold storages in Monroe and Wayne Counties, New York. While losses 
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were never severe, the trouble was often encountered and usually con¬ 
fused with other diseases by storage operators. 

Symptomatology 

The lesions on carrots appear as shallow, slightly sunken cankers on 
the side of the root (Fig. 4, A). The decay is generally hard and leathery, 
rarely extending into the tissues more than a few millimeters. The affected 
tissues are light brown. The symptoms are very similar to those produced 
by Fusarium roseum (Lk.) emend. Snyder and Hansen (F. avenaceum 



Fig. 4. Gliocladium rot of carrot. (A) shallow, hard lesions on roots from cold 
storage, (B) fructifications of pathogen on carrot root incubated 10 days at 21* C., 
(0) culture of QliocUidium aureum sp. nov. incubated 14 days on potato<dextrose agar 
at 21* C., (D) photomicrograph of Acrostalagmus type of conidial head found in young 
cultures of G, aureum. x 60. 


(Fr.) Sacc.), a fungus with which the Gliocladium is frequently associ¬ 
ated. Cankers caused by F, roseum which have dried out are practically 
indistinguishable macroscopically from those caused by the Gliocladium. 
The decay progresses slowly, turning the tissues brown and leaving the 
diseased area somewhat softer than the unaffected portion in roots inocu¬ 
lated by placing small bits of mycelium in holes bored in the carrots and 
incubated in moist chambers at 6® C. The affected area frequently is cov- 
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ered with a thick mat of mycelium (Pig. 4, B). The lesions are readily 
invaded by Botryotinia Fuckeliana, Mncor hiemalis Wehmer, or F, ros€nm, 
which quickly mask the characteristic lesions of this disease. 

Etiology 

Isolations from characteristic lesions have consistently yielded a fungus, 
which, by the characters of the conidia and couidiophores falls within the 
generic limits of the genus Gliocladium. Pathogenicity of this organism 
has been repeatedly demonstrated by artifical inoculations into carrots. 

A careful study of the isolate from carrots has shown it to be very 
closely related to Gliocladium roseuni (Lk.) Bainior. G. roseum was first 
described by Link (5) on dead stems of Solanum sp. under the name Peni~ 
cillhim roseum Lk. Lindau (4) listed this organism on dead stems of po¬ 
tato and Hibiscus sp., on decayed carrot roots, dead Boletus spp. and 
sclerotia in Germany, Belgium, Holland, and Ceylon. Saccardo (8) noted 
the fungus also as occurring on carrots in the Netherlands. liavenel 
(Fungi American! No. 571) collected this fungus (also under the name 
Penicillium roseum) from South Carolina on leaves of Buxus sempervirens. 
It has been noted by other authors as a laboratory contaminant and as 
occurring in the soil. As far as the writer has been able to determine 0, 
roseum has never been found as a pathogen of living plants. 

Sketches of an organism made by Shapovalov (9) under the name of 
Clonostachys araucaria DC. var. rosea Preuss. resemble very closely the 
pathogen found on carrots. The figures given by Shapovalov, however, are 
not Clonostachys araucaria in the sense of Lindau (4, page 345 and figure 
on page 347) since the sterigmata are not shown to branch in a verticillate 
manner, and the conidia are borne catenulately on the phialids. The coni¬ 
dia are not long-spicate nor are the spikes in a dense cluster as described 
by Saecardo (8, p. 165 in vol. 4) or Clements and Shear (2) and pictured 
by Lindau (4). The presence of a true penicillus is pictured by Shapo¬ 
valov, some of the conidial clusters being united into a mucilaginous head 
typical of species of Gliocladium. Also, the Acrostalagmus type of head 
(10, figure 89; 3, page 442, figure 229, c) frequently found in cultures 
of Gliocladium spp. is also shown in Shapovalov’s figure 2. 

The distinct apiculum described by Shapovalov on the conidia of the 
organism that he found attacking potato has also been noted on the conidia 
of the carrot pathogen. The presence of the Acrostalagmus type of conidial 
head in conjunction with the true Gliocladium fructifications present in 
cultures of both the potato and carrot pathogens indicates that these organ¬ 
isms are probably the same species (Pig. 5). 

Gliocladium roseum {Penicillium roseum) collected by Ravenel (Fungi 
American! No. 571) and also by Meschutt (C.U.P.P. No. 6790)^ on dead 
leaves of Buxus sempervirens has been examined and found to be different 
from the carrot pathogen. 

* A specimen, No. 6790, determined by J. B. Ellis, filed in the herbarium of the 
' Department of Plant Pathology, Cornell University, Ithaca, New York. 
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The general morphological characters of the pathogen found on carrot 
place it close to Oliocladium roseum. However, the slightly curved shape 
of the coiiidia combined with active pathogenicity, makes it seem advisable 



Fig. 5. Gliocladium aureum sp. nov., camera lucida drawings. (A) single hypha, 
bearing both Acrostalagmus and true Gliocladium types of fruiting structures, (B) 
hyphae bundled into strands (found commonly on agar cultures), (C) close-up of 
Acrostalagmus type of fruiting structures, (D) conidium of O, aureum, (E) conidia of 
G, roseum (P. roseum, Bavenel, Fungi Americani No. 571), (F and H) details of the 
penicillus of G, aureum, (G) germinating conidia of G, aureum, (A, B, approx. xl60; 
C, F, H, approx. x480; D, E, G, approx, x 1450). 

to distinguish this fungus from the common saprogen by designating it 
as a new species. The name Oliocladium aureum is proposed with the fol¬ 
lowing description: 
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Gliocladium aureum sp. nov. 

Colonies on potato-dextrose agar or Czapek^s medium pure white at 
first, later pale yellow, occasionally light salmon to pink in the fruiting 
areas on Czapek’s medium; mycelium loose-floccose, composed of simple 
hyphae or hyphae bundled in ropes; sclerotia not observed; conidiophores 
usually perpendicular to the medium, 40-120/*; penicillia up to 130/* in 
length, once or twice irregularly alternately branched; phial ids 10-15 x 2-3/*. 
bearing conidia which may be aggregated in gelatinous masses or balls 
(Acrostalagmus type) or agglutinated in typical columns (resembling the 
Clonostaehys type) ; conidia hyaline, elliptical, apiculate, smooth, 3.3 x 5.9/*. 
(extremes 2.6-3.6 x 5.1-6.7/*). A slight to marked yellowing of the medium 
is present in cultures on potato-dextrose agar. 

Habitat: Pathogenic on stored carrot roots in New York. 

Colonize, in Solano tuberoso dextrose agari aut in Czapekis medio, primum purae 
albae, recentior pallidae flavae, pallidae salminae vel rosaceae in locis frugiferis in 
Czapekis medio; Mycelium laxo floccidum, compositum ex hyphis simplicibus aut 
ex hyphis in funes coactis; sclerotia non observata; conidiophoria plerumque ad medium 
perpendlcularia, 40-120|bi; penicillia ad 130 ja longitudine, somcl bisve verticillato aut 
irregulariter alterne ramosa; phialids 10-15 x 2.0-3.0p. ferentes conidia aut ad massas 
gelatinosas globulosve aggregata (Acrostalagmus typus) aut ad columnas typicas 
agglntinata (similes Clonostaehys typi); conidia hyalina, elliptica, apiculata, laevia, 
3.3x5.9p, (extremis 2.6-3.6 x 5.1-6.7p) Levis vel notata medii flavido in culturis in 
Solano tuberoso dextrose agari adest. 

Pathogenicum in Dauei Carota radicibus reservatis in Eboraco Novo. 

The type material and photographs have been deposited with the De¬ 
partment of Plant Pathology, Cornell University. Cultures have also been 
sent to the American Type Culture Collection, Washington, D. C., and the 
Centraalbureau voor Scblmmelcultures, Baarn, Nederland. 

No data are available on the exact life history of this fungus. However, 
its similarity to species of PeriicAllmm, both in distribution and cultural 
requirements would probably indicate a similar seasonal development. This 
would mean a succession of cycles on roots throughout the year whenever 
the suscept is present and proper environmental conditions exist. 

Studies on the growth of this fungus at various temperatures indicate 
an optimum temperature between 21° and 24° C., a minimum below -3° C., 
and a maximum between 33° and 36° C. Infection has been obtained regu¬ 
larly on inoculated roots incubated in moist chambers at 6° and at 21° C. 

DISCUSSION 

The two diseases described are a part of a complex of four diseases 
causing pitting of stored carrot roots in New York. The other two diseases 
are caused by Fusarium roseum (Lk.) emend. Snyder and Hansen and 
by several species of Typhula. The Typhula occurs infrequently and the 
disease is characterized by the absence of hyphae in the lesions and by the 
* typical brownish to blackish sclerotia on the affected areas. Frequently it 
is iiqpossible to separate the diseases caused by Bhizoctonia carotae, Olio-- 
eladium aureum, and Fusarium roseum wdth certainty without microscopic 
examination. All three organisms produce pits varying in size from 2 to 
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3 mm. to several centimeters in diameter. These pits are usually lined with 
white hyphae. Typical expressions of these diseases permit separation as 
follows: 

Rhizoctonia crater rot {E. carotae) ; sunken lesions lined with white 
mycelium, clamp connections present in the hyphae; affected tissues 
beneath the surface of the lesions light brown; in advanced stages 
hyphae readily spread to adjacent roots. 

Fusarium rot {F. roseum) ; sunken lesions lined wdth white to yellow-‘ 
ish tan or reddish mycelium, usually having a granular appearance 
due to the production of spores by the pathogen; hyphae lacking 
(damp connections, and rarely spreading to adjacent roots. Affected 
tissues are only slightly discolored, dry, and x^unky. 

Gliocladium rot (G. aureum) ; lesions only slightly sunken, sparsely 
lined with light yellowish to pinkish mycelium; affected tissues 
light tan, very hard and leathery. 

Cllioeladium and Typhula rots are of less fre(|uent occurrence and on 
the basis of present knowledge would not be exi:)ected to cause any serious 
losses in stored carrots. 

Fusarium rot may become severe at temperatures of 15° to 20° C.; al¬ 
though its presence has been detected in carrots stored at temperatures 
between 6° and 35° C. While these temperatures occasionally exist in 
common storages this disease seldom causes an^" serious damage because of 
the low humidity in these storages. 

The iiresence of Rhizoctonia crater rot in storage is dependent upon 
either field contamination or infection, or contamination from storage con¬ 
tainers. Uninfected or uncontaminated roots placed in clean containers 
will not develop this disease. 

Rhizoctonia carotae is the only pathogen in this groui^ of pit iiroducing 
fungi which causes any severe damage in cold storage. All experiments 
on control of this disease have given inconclusive results. Washing roots 
prior to storage has greatly increased the amount of soft rot {Krxvinia caro- 
tovora (Jones) Holland) developing during the storage period with little 
effect on the incidence of Rhizoctonia crater rot. Dipping the roots in 
fungicides has not consistently controlled this disease. 

Carrots stored in clean or disinfected crates and placed in storage rooms 
maintained at 0° C. and at a relative humidity of 90 - 95 per cent of satura¬ 
tion have shown a lower incidence of (prater rot. This is the only control 
measure which can be recommended. 

SUMMARY 

Two diseases of carrots found in New York storages are described as 
new. 

Rhizoctonia crater rot {Rhizoctonia carotae n. sp.) has been found cans- 
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ing severe losses in certain cold storages where the relative humidities 
have been high. This disease is characterized by sunken lesions lined with 
a white flocculent mycelium. These lesions may occur anywhere on the 
root. The affected tissues are light brown, usually firm and not watery. 
The hyphae in the lesions and in culture are hyaline to slightly brownish, 
2.5 to 5.0/x (mean 4.1/x) in diameter, richly branched, 1-5 clamps at the 
septa. Sclerotia golden yellow to brownish, formed loosely on the hyphae, 
cells of the mature sclerotia barrel-shaped, and germinating by a prolifera¬ 
tion of one side or the ends. 

Gliocladium rot {Oliocladium aureum n. sp.) has been found in both 
cold and common storages in New York. This disease is characterized by 
shallow, slightly sunken lesions on the sides of the roots, which lesions are 
sparsely lined with light yellowish to pinkish mycelium; the affected tissues 
are very hard and leathery and light tan. 

The only control believed recommeiidable is to store carrots at relative 
humidities below 95 per cent in new or disinfected containers. 

Department of Plant Pathology, 

Cornell University, 

Ithaca, New York 
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IMMUNITY OF CANADIAN BLACK CURRANT SELECTIONS 
FROM BLISTER RUST 

Glenn Gardner Hahn^ 

(Accepted for publication January 19, 1948) 

The standard horticultural varieties of the European black currant, 
Eibes nigrum L., as commonly grown in this country are regarded as a 
definite menace to five-needle pines here because of their extreme suscepti¬ 
bility to white-pine blister rust, Cronartium ribicola A. Fisch. An in¬ 
vestigation of these as well as a very large number of Rihes species for rust 
susceptibility, as listed by Spaulding (7), who reported his own work and 
that of his associates (7, pp. 17-24) a quarter of a century ago, did not 
reveal any black currant species resistant to blister rust. The early in¬ 
vestigations, however, were lacking in studies of Asiatic black currant 
species from the probable original habitat of C. ribicola (3, p. 739) where 
rust-resistant ribes most likely would be found. 

As the result of subsequent investigations of ribes susceptibility, the 
writer (2) found that varieties of Ribes nigrum^ on the other hand, showed 
a marked resistance to piiioii blister rust, Cronartium occidentale Hedge., 
Beth., and Hunt. Accordingly, it was reasonable to expect that in the black 
currant group (1, pp. 29-38), as the writer proved subsequently for the red 
currant group (4), species and varieties would be found highly resistant to, 
or immune from C. ribicola. Experiments described in this paper are con¬ 
cerned with an Asiatic member of the black currant group. 

CANADIAN EXPERIMENTS TO DISC0VP:R RUST-RESISTANT BLACK CURRANTS 

In recent years a search was undertaken at the Central Experimental 
Farm, Ottawa, by Hunter and Davis (6) for suitable black currants for 
hybridization purposes in breeding for rust resistance. One black currant 
in particular from Siberia was used. It was called tentatively Ribes 
nigrum, No. 19/11. In 1939 Professor Alfred Rehder, Arnold Arboretum, 
Harvard University, identified it as R. ussuriensc Janez., from eastern 
Manchuria, the twin species of R. nigrum, which, to quote Berger (1, p. 32) 
“differs [from nigrum^ in many ways, and of quite a different odor.’^ 
According to a communication received from Mr. D. S. Blair, September 
23, 1941, concerning field tests carried on during 1935-40 at the Central 
Experimental Farm, the Asiatic black currant species, not tested for rust 
susceptibility in the United States, showed no signs of rust infection 
although it was cultivated in close association with nigrum varieties that 
became heavily infected with rust. R. ussuriensc, according to Hunter and 
Davis (6), is apparently homozygous, rust-resistant. 

Among the most desirable hybrids obtained were those that resulted from 
crossing pistillate Ribes ussuriensc with staminate R. nigrum var. Kerry 

^Pathologist, Division of Forest Pathology, Btireau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Research Administration, United States Depart¬ 
ment of Agriculture, New Haven, Connecticut. 
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(6). The Kerry variety is of Canadian orij?in and is a seedling of Black 
Naples. Both of these standard nigrum varieties are rust-susceptible. Two 
selections from these crosses, namely No. 0-381 and 0-393 reported in this 
paper, represent separate clones respectively, each the vegetative progeny 
of a single seedling. Hunter and Davis (6) state that they show a marked 
resemblance in fruit characteristics to their cultivated parent, particularly 
with respect to vitamin C content and desirability for jam production. In 
the case of the Viking red currant (3), resistance to Cronarfium is dom¬ 
inant to susceptibility; in the ('anadian black currant selections (6), No. 
0-381 and 0-393, the same inheritance appears to hold true. 

INOCULATION RESULTS WITH (’ANADIAN BLACK CURRANTS 

In the autumn of 1945, through the courtesy of Mr. M. B. Davis, Domin¬ 
ion Horticulturist, and Mr. A. W. S. Hunter, three plants each of the 
Canadian black currant clones No. 0-381 and 0-393 were received at New 
Haven for pathological testing-. The plants were grown first in pots in an 
unheated greenhouse. On April 11, 1946, the six plants were inoculated in 
the greenhouse with freshl}^ collected aeciospores-* from Connecticut, accord¬ 
ing to methods described previously (3, p. 741). Susceptible ribes “checks” 
were used to establish the viability of the inoculum and the suitability of the 
environmental conditions for infection. The checks included an undeter¬ 
mined variety of Rihes nigrum \ the native black currant, R, amcricanum 
Mill.; and selections of a black currant propagated at the C. A. Hansen 
.Nursery, Brookings, South Dakota, and reported as having been originallj’^ 
introduced from Siberia by Dr. N. E. Hansen in 1897’(5, p. 45; 8, p. 28). 
Through the courtesy of C. A. Hansen, the Hansen black currant selections 
were obtained in June, 1945. All of the checks became infected, the nigrum 
variety so heavily as to cause defoliation, whereas the other two black cur¬ 
rant checks became only moderately infected. When inoculated, the plants 
of the two Canadian black currant clones had well developed leaves, which 
were in prime condition for the single test made that year. No signs of 
rust infection developed on them. 

Dui'ing the late summer of 1946 two plants of each clone were tran.'s- 
planted outdoors to a ribes plantation for testing under field conditions the 
following year. In 1947 the two plants retained in the greenhouse were 

^ Stock of the two clones, according to information received recently from Mr. 
Hunter, has also been distributed in the United States for horticultural testing to the 
following: Professor .1. H. Clark, New Jersey Agricultural Experiment Station, New 
Brunswick, N. J.; Professor W. H. Alderman, Minnesota Agricultural Experiment 
Station, St. Paul, Minn.; Dr. W. E. Whitehouse, Division of Plant Exploration and 
Introduction, U. S. Department of Agriculture, Beltsville, Md.; Mr. G. L. Slate New 
York Agricultural Experiment Station, Geneva, N. Y.; Professor R. E. Baker’ Uni¬ 
versity of California, Davis, Calif.; and Professor A. J. Hiker, Department of’piant 
Pathology, University of Wisconsin, Madison, Wis. 

»The writer desires to express his appreciation to Messrs. J. E Riley Jr 
Alton Miller, H. E. Yost, W. O. Frost and H. G. Bradbury, Division of Plant Disease 
Control, Bureau of Entomology and Plant Quarantine, for their cooperation in the 
collection of blister-rust aeciospore inocula used in the experiments reported in this 
paper. 
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inoculated on April 30 with fresh aeciospores of Cronartixim rihicola col¬ 
lected in Virginia and later, on May 20, with the same type of inoculum 
collected in Connecticut. The susceptible ribes used as checks consisted of 
skunk currant, R. glandulosuni Grauer, and a variety of Ribes nigrum. The 
two clones transplanted to the field were inoculated under conditions of 
humidity, temperature, and viability of inoculum that were highly favor¬ 
able to infection. A test with inoculum from Connecticut was made on May 
22 and a second tCvSt with inoculum from Maine on June 14. The susceptible 
field checks consisted of the same nigrum variety used in the greehouse 
and the Hansen black currant. Very heavy infection of C. rihicola occurred 
on the greenhouse checks; on the field checks infection was moderate on 
nigrum whereas that on the Hansen black currant was slight. There were 
no signs of rust infection on the Canadian black currants growing either 
in or outside the greenhouse^. Under the conditions of the tests the Cana¬ 
dian black currants appear to be truly immune from blister rust in the nice 
sense of that term, Le., completely free or exempt from rust. In this respect 
the black currant clones differ from the commercial Viking red currant, for 
at certain stages of leaf development in this i)articular ribes an invasion 
of germ tubes of C. rihicola occurs but the infectious agent is totally unable 
to establish itself and subse(iuently to produce its spores (4, p. 343). 

RESUIiTS OF NATURAL EXPOSURE TO RUST AND MILDEW 

During the tests of 1946 and 1947 uredospores of blister rust were pre¬ 
sent in the greenhouse and in the field, as indicated by natural infection of 
Cronartinm rihicola throughout the season on leaves of susceptible ribes 
not inoculated artificially. Infection of the Canadian black currants was 
not observed to occur from inoculum of this type. 

In 1946, after results of the rust-inoculation experiments on the Canadian 
clones in the greenhouse had been obtained, a natural infection of powdery 
mildew, Sphaerotheca mors-uvae (Schw.) Berk, and Curt., occurred on the 
new growth. Conditions in the unheated greenhouse were so favorable for 
mildewing that even the nigrum check, not ordinarily attacked, became 
affected. In the late spring of 1947 mildew again occurred in the green¬ 
house but it was not nearly so severe as in the previous year. It did not 
occur, however, on the Canadian clones in the field. These observations in¬ 
dicate, as Hunter and Davis (6) had previously observed, that the basis of 
resistance to blister rust iii the two black currant clones is not operative 
with respect to mildew. 

U. S. Department of Agriculture, in Cooperation With 
Osborn Botanical Laboratory, 

Yale University, New Haven, Conn. 

* In a letter dated October 4, 1947, Professor A. J. Riker informed the writer that 
the Canadian black currant clones sent him for testing have been growing in pots in a 
greenhouse along with other black currants. So far the former have not shown any 
blister rust whereas the latter have been severely rusted. Accordingly the Canadian 
clones are recorded to date as immune from rust inoculum collected in Connecticut, 
Maine, Virginia, and Wisconsin. 
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EFFECT OF COPPER INJURY ON CONCORD GRAPES^ 

R. P. SuiT» 

(Accepted for publication January 19, 1948) 

INTRODUCTION 

Ever since Bordeaux mixture was discovered and it was found that this 
fungicide would control downy mildew (Plasmopara viticola (Berk, and 
Curt.) Berl. and De Toni) on grapes (7), it has been generally considered 
that grapes were not particularly subject to copper spray injury. How¬ 
ever, in 1941 a preliminary report (2) indicated that Concord grapes were 
subject to injury from sprays containing neutral copper fungicides at a 
copper content equal to that in a 4-4-100 Bordeaux mixture. The injury 
was characterized by reduced vine growth, smaller, yellowish-green leaves 
and reduced yield. Subsequently it was reported (3, 4) that the yield 
obtained the year following the spray application was reduced more, even 
though a copper fungicide was not applied. The second year following the 
injury, the yield from the injured vines had increased so that it was equal 
to that from vines which had not been injured (4). 

Because of this apparently severe copper injury to Concord grapes, it 
was advisable to determine the exact eifect of the injury over a period of 
years, the concentration of copper that would not produce injury and a 
method of alleviating the injury. Although Bordeaux mixture did not 
visibly injure the vines it could not be used with certain insecticides for 
insect control on grapes because of its alkaline reaction. Therefore, it was 
necessary that a neutral fungicide be used under some conditions. 

MATERIALS AND METHODS 

Through the cooperation of the Pomology Division at Geneva, New 
York, a block of Concord grapes, 80 years of age, was made available at the 
Vineyard Laboratory, Fredonia, New York for the investigation of copper 
injury. The block was of sufficient size so that 16 spray treatments could be 
used with duplicate plots of 30 vines each. There were no diseases present 
in this vineyard, but the grape berry moth {Polychrosis viteana Clem.) was 
present which made some modification of the spray schedule necessary (6). 

The complete spray schedule was as follows: 

Application I—^When 3 or 4 leaves were present on the new shoots. 

Application II—Before bloom. 

^ This investigation was completed while the author held the position of Assistant 
Professor, Division of Plant Pathology, New York State Agricultural Experiment 
Station, Geneva, New York. Approved by the Director for publication as Journal 
Paper No. 722, New York State Agricultural Experiment Station, Geneva. New York. 
October 15, 1947. 

“The writer is indebted to K. W. Loucks, Associate Plant Pathologist, Florida 
Citrus Commission, stationed at the Citrus Experiment Station, Lake Alfred, Florida 
for the statistical analysis of the data presented and is now Plant Pathologist, Citrus 
Experiment Station, Lake Alfred, Florida. 
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Application III—After bloom. 

Application IV—Ten to fourteen days after application 111. 

Application V—When second brood grape berry moth began to appear. 
Application VI—Ten to fourteen days after application V. 

Thus a complete schedule including the control of the grape berry moth 
required 6 applications. Normally a maximum of 5 applications may be 
used for black rot (Guignardia hidwellii (EH.) Viola and Ravaz.) control 
with the fifth application made 4 weeks after bloom. 


Tribasic formulae 

A. Tribasic copper sulfate 2-100 
Rosin lish oil soap 1^-100 

B. Tribasic coi)per sulfate 2-100 
Black Leaf 155 (14 per cent) 3-100 
Rosin fish oil soap %-100 

C. Tribasic copper sulfate 2-100 
Hydrated lime 4-100 

Rosin fish oil soap 1^-100 

D. Tribasic eo])])er sulfate 2-100 
Lead arsenate 3-100 
Hydrated lime 4-100 

Rosin fish oil soap 2-100 
Kerosene—1 pint-100 

E. Tribasic copper sulfate 1-100 
Black Leaf 155 (14 per cent) 3-100 
Rosin fish oil soap %-100 

YCO formulae 

A. Yellow cuprocide 1-100 
Ros!n fish oil soap 1 Mj-IOO 

B. Yellow cuprocide 1-100 
8.E.C. oiO 1 pint-100 

C. Yellow cuprocide 1-100 

Black Leaf 155 (14 per cent) 3-100 
Rosin fish oil soap %-100 

D. Yellow cuprocide 1-100 

Black Leaf 155 (14 per cent) 3-100 
S.E.C. oil 1 pint-100 

E. Yellow cuprocide 1-100 
Hydrated lime 4-100 
Rosin fish oil soap 1^-100 

F. Yellow cuprocide 1-100 
Hydrated lime 4-100 
S.E.C. oil 1 pint-100 

G. Yellow cuprocide 1-100 
Lead arsenate 3-100 
Hydrated lime 4-100 
Rosin fish oil soap 2-100 
Kerosene 1 pint-100 


YCO formulae 

H. Y'ellow cuprocide 1-100 
Lead arsenate 3-100 
Hydrated lime 4-100 
S.*E.C. oil 1 ])int-100 

I. Yellow cuprocide 10 oz.-lOO 
Black Leaf 155 (14 per cent) 3-100 
Rosin fish oil soap %-100 

Lead and lime formula 

Lead arsenate 3-100 
Hydrated lime 4-100 
Rosin fish oil soap 1^-100 

Black Leaf formula 

Black Leaf 155 (14 per cent) 3-100 
Rosin fish oil soap %-100 

Bordo formulae 

A. Bordeaux mixture 2-2-100 
Rosin fish oil soap lV^-100 

B. Bordeaux mixture 2-2-100 
(\alcium arsenate 3-100 
Rosin fish oil soap 2-100 
Kerosene 1 pint-100 

C. Bordeaux mixture 2-2-100 
S.E.C. oil 1 junt-100 

D. Bordeaux mixture 2-2-100 
Calcium arsenate 3-100 
S.E.C. oil 1 pint-100 

E. Bordeaux mixture 4-4—100 
Rosin fish oil soap 1^-100 

F. Bordeaux mixture 4-4-100 
(Vilcium arsenate 3-100 
Rosin fish oil soap 2-100 
Kerosene 1 pint-100 

G. Bordeaux mixture 8-8-100 
Rosin fish oil soaj) 1^-100 

H. Bordeaux mixture 8-8-100 
Calcium arsenate 3-100 
Rosin fish oil soap 2-100 
K<*rosene 1 pint-100 


^ S.E.C. oil is self-emulsifyinjjr cottonseed oil supplied by Rohm and Haas Co. 

Because of the variatiou in the insecticides used in the spray mixtures 
for the different applications (6) the number of spray mixture formulae 
necessary for the experiment was materially increased. In the 24 formu¬ 
lae listed, all materials are given as pounds per 100 gallons of water unless 
otherwise stated. In some of the spray mixtures it will be noted that 1 
pint of kerosene is added per 100 gallons. This is added to reduce the 
foaming resulting from the use of excess rosin fish oil soap which was neces- 
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sary to j?ive the mixture a suitable physical property so that it would wet 
and cover the grape berries with a satisfactory spray deposit (6). 

The treatments were arranged to allow for ])lots sprayed with neutral 
copper fungicides alone, with different spreader stickers and with lime, 
while the Bordeaux mixture plots \vere sprayed with different concentra¬ 
tions and with different numbers of applications. The spray mixtures 
ai)plied to the plots for each of the 16 treatments and for each of the 6 
applications are given in table 1. 

TABLE 1 .—Spray mixiures used for the various treatments 


Treatment 

No. 



Application 



I 

II 

III 

IV 

V 

VI 

1 

Tribasic-A 

Tribasie-A 

Tribaaic-B 

Tribasic-B 

Tribasic-B 

Tribasic-B 

2 

YCO-A 

YCO-A 

YCO-C 

YCO-C 

YCO-C 

YCO-C 

3 

YCO-B 

YCO-B 

YCO-B 

YCO-B 

YCO-B 

YCO-B 

4 

None 

None 

Lead & Lime Lead & Ijime 

Black Leaf 

Black leaf 

5 

Bordo-A 

Bordo-A 

B'^rdo-B 

Bordo-B 

Tribasic-E 

Tribasic-E 

6 

Bordo-C 

Bordo-C 

Bordo-1) 

Bordo-B 

Tribaaic-E 

Tribasic-E 

7 

Bordo-E 

Bordo-E 

Bordo-F 

Bordo-F 

Tribasic-E 

Tribasic-E 

8 

Bordo-G 

Bordo-G 

Bordo-H 

Bordo-H 

Tribaaic-E 

Tribasic-E 

9 

None 

Bordo-G 

Bordo-II 

Bordo-H 

Tribasic-E 

Tribasic-E 

10 

None 

N one 

Bordo-II 

Bordo-H 

Tribasic-E 

Tribasic-E 

11 

None 

None 

Blaek Leaf 

Black Leaf 

Black Leaf 

Blaek leaf 

12 

Tri])a8ie-(^ 

Tribasic-C 

Tribasic-B 

Tribaaic-B 

Tribasic-E 

Tribasic-E 

13 

YCO-K 

YCO-E 

YCO-G 

YCO-G 

YCO-I 

YCO-I 

14 

YCO-F 

YCO-F 

YCO-II 

YCO-H 

YCO-I 

YCO-I 

15 

Bordo-G 

Bordo-G 

Tribasic-B 

Tribasic-B 

Tribaaic-B 

Tribasic-B 

16 

Bordo-A 

Bordo-A 

Tribasic-B 

Tribasic-B 

Tribasic-B 

Tribaaic-B 


The spray mixture was applied at 350-lb. pressure with a trailing hose 
to which was attached a two-nozzle boom that had No. 4 discs in the noz¬ 
zles. The amount of spray mixture used varied with the amount of growth 
on the vines. For application 111 the rate was about 225 gal. per acre, 
which is the amount recommended for satisfactory grape berry moth con¬ 
trol and which would also give satisfactory disease control. In practically all 
cases the spraying of the plots for each application was completed in one 
day. 

The experiment was carried on from 1941 to 1944 inclusive and the 
exact date on which each application was made during those years is given 
in table 2. In each year the crop of fruit was harvested and yield records 
obtained during the latter part of September. 

RESULTS 

The first indication of copper injury was a reduction in the amount 
of cane growth coupled with the yellowish-green color and reduced size of 
the leaves. Those rows in the vineyard which had copper injury could be 
noted from some distance because of the lighter green color. In 1941 and 
1944 the early appearance of noticeable injury did not occur. However, 
in 1942, the injury was present on June 1, the date on which application 
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TABLE 2.— Bates of spray applications 


Application 


Year 

I 

II 

III 

IV 

V 

VI 

1941 

May 19 

June 2 

June 23 

July 11 

August 4 

August 18 

1942 

May 19 

June 1 

June 23 

July 7 

July 29 

August 7 

1943 

June 4 

June 15 

July 7 

July 15 

July 28 

August 13 

1944 

May 25 

June 6 

June 26 

July 11 

July 31 

August 11 


II was made and prior to the blooming period. The injury was first noticed 
on July 7 in 1943, just after the blooming period and the date on which 
application III was made. In 1942 the injury appeared 13 days after the 
first application, while in 1943 it appeared 33 days after the first applica¬ 
tion. The vines had been severely injured by the cold during the winter 
of 1942-43 and were retarded in their growth. 

A study of the effect of spray treatment on the amount of cane growth 
was started in 1942. Exceptionally heavy winds occurred during the latter 
part of May and broke off many of the canes that were being measured so 
that it was not possible to complete the experiment. In 1943, measurements 
were again made but, because of the injury from the cold during the prev¬ 
ious winter, complete records could not be made. A summary of the meas¬ 
urements on some of the plots is given in table 3. The neutral coppers 
(treatments 1 and 2) and the Bordeaux mixture 8-8-100 (treatment 8) 
caused a greater reduction in cane growth than the other treatments and 
the growth was about half as much as that which occurred when copper 
was not applied (treatment 4). A complete series of measurements was 
made in 1944. As shown in table 4 there was no significant difference be¬ 
tween treatments 1, 2, 5, 7, and 8 which comprised the neutral coppers and 
the three concentrations of Bordeaux mixture. Significantly more growth 
occurred in treatments 4,11,12, and 13 which were the two check plots and 


TABLE 3.— Effect of certain spray trealments on length of cane growth in 1943. 


Treatment 

No. 

Principal 

fungicide 


Inches of growth 

on 


Juno 

4 

June 

15 

July 

7 

July 

15 

July 

28 

1 

Tribasic 

14.8 a 

29.6 

48.6 

54.3 

60.6 

2 

YCO 

15.1 

27.2 ' 

49.4 

60.2 

71.0 

4 

Lead and 
lime 

16.3 

38.9 

89.5 

117.8 

144.4 

7 

Bordo 

4-4-100 

19.0 

44.3 

71.4 

91.4 

110.5 

8 

Bordo 

8-8-100 

14.6 

28.8 

52.0 

63.2 

75.6 

13 

YCO-Lime 

18.8 

37.2 

69.8 

84.8 

98.6 


a Average of measurement of from 5 to 10 canes in each plot. 
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the two neutral coppers plus lime. These differences occurred even though 
there was no apparent visible symptom of injury during the early part of 
the season. These results on cane growth indicate that the neutral coppers 
at a copper concentration equal to Bordeaux mixture 4 - 4 -100 will cause 
severe reduction, that Bordeaux mixture usually causes some reduction, 
and that the neutral coppers with lime will cause the least reduction in 
growth. 

Since the copper fungicides cause a reduction in the cane growth it 
is probable that a reduction in yield should also occur. The results from 
the yield records taken from 1941 to 1944 inclusive are given in table 5. 


TABLE 4.— Ejf’ect of certain spray treatments on length of cane growth in 1944. 


Treatment 

Principal 



Inches 

of growth a on 



No. 

fungicide 

May 26 

June 5 

June 27 

July 12 

Aug. 1 

Aug. 10 

Oct. 4 

1 

Tribasic 

13.5 

28.8 

42.7 

52.3 

60.8 

64.6 

72.5 

2 

YCO 

13.5 

28.6 

43.1 

55.7 

65.2 

72.7 

82.0 

4 

Lead and 
lime 

15.7 

35.1 

59.5 

81.3 

99.2 

109.6 

125.2 

5 

Bordo 

2-2-100 

14.2 

29.4 

46.9 

55.8 

65.7 

69.4 

75.9 

7 

Bordo 

4-4-100 

14.3 

30.1 

46.5 

60.0 

69.2 

73.3 

79.1 

8 

Bordo 

8-8-100 

14.5 

29.1 

46.9 

61.8 

72.1 

78.9 

86.7 

11 

Black Leaf 

13.9 

32.2 

57.3 

76.7 

95.4 

107.5 

122.5 

12 

Tribasic- 

lime 

15.6 

31.6 

53.2 

75.1 

91.3 

99.1 

112.3 

13 

YCO-lime 

14.4 

30.5 

50.0 

67.8 

85.5 

94.8 

109.7 

Least difference needed 

for significance—odds 19: 

odds 99: 

1 18.28 

1 24.11 





a Average of measurements of 24 canes in each spray treatment. 


There was no significant difference in the yield from any of the treatments 
in 1941. There was a significant reduction in the yield from treatments 1, 
2, 3, 5, 6, 7, 8, 12, 13, 14, 15, and 16 in 1942. Although the yield in 1943 
was reduced by the winter injury, there was a significant reduction in the 
yield from treatments 1, 2, 3, 7, 15, and 16. The 1944 results did not show 
as great a variation among the treatments and are somewhat of the same 
order as those obtained in 1941, although treatments 1, 13, and 16 gave a 
significant reduction in yield. In each of the four years, treatment 4 (lead 
and lime check) which did not contain copper gave the highest yields. Ap¬ 
parently the Black Leaf 155 (treatment 11) was somewhat injurious since 
the yields were slightly less than those from the lead and lime (treatment 
4) although the difference was not significant. Considering the average 
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of the yields for the 4-year period, the data indicate that the neutral 
coppers (treatments 1, 2, 3) caused the greatest reduction in yield. Treat¬ 
ments 15 and 16 in which Bordeaux mixture was used for applications I 
and II and tribasic copper sulfate for applications Ill and IV, were 
equally injurious. Four of the Bordeaux treatments (No. 5, 6, 7, and 8) 
and one (No. 13) of the neutral copper re.sulted in a significant reduction 


TABLE 5 .—Effect of spray treatments on yield 


Treatment 

Principal 


Yielda 


4-ycar 

No. 

fungicide 

1941 

1942 

1943 

1944 

average 

1 

Tribasic 

9.8 

3.3 

2.9 

5.3 

5.3 

o 

YCO 

9.4 

3.1 

2.4 

7.6 

5.6 

3 

YCO 

10.6 

5.8 

1.9 

8.3 

6.7 

4 

Lead and 
lime 

11.3 

14.8 

6.9 

10.0 

10.7 

5 

Bordo 

2-2-100 

9.8 

9.1 

4.6 

9.8 

8.3 

6 

Bordo 

2-2-100 

9.3 

10.5 

4.7 

8.8 

8.4 

7 

Bordo 

4-4-100 

9.4 

8.3 

3.1 

8.1 

7.2 

8 

Bordo 

8-8-100 

9.1 

9.3 

4.3 

8.4 

7.8 

9 

Bordo 

8-8-100 

9.3 

12.1 

5.1 

8.1 

8.7 

10 

Bordo 

H-8-100 

9.2 

12.7 

4.8 

8.0 

8.7 

11 

Black Leaf 

10.1 

13.3 

5.3 

9.0 

9.4 

12 

Tribasic- 

lime 

10.6 

lO.G 

4.9 

8.5 

8.7 

13 

YCO-Lime 

9.4 

10.5 

4.6 

6.7 

7.8 

14 

YCO-Lime 

10.1 

10.6 

6.1 

7.7 

8.6 

15 

Bordo- 

Tribasic 

8.1 

7.8 

2.5 

7.1 , 

6.4 

16 

Bordo- 

Tribasic 

9.1 

7.7 

2.1 

6.9 

6.5 

Least difference 
needed for 
significanco 

Odds 19:1 
Odds 99:1 

3.06 

4.23 

3.06 

4.23 

3.06 

4.23 

3.06 

4.23 

2.17 

2.90 

tt Yield—average yield in pounds of 
vines each. 

fruit per 

vine from 

duplicate 

plots of 30 


in yield compared to that from the lead and lime (No. 4) check. The other 
treatments did not differ significantly in yield from that of the treatment 4. 

While recording the yield data in 1942 it was observed that the bunches 
of grapes harvested from the vines in the plots which had copper injury 
appeared to be small. Therefore, when the yields were taken in 1943 and 
1944, weights of 100 bunches from each plot were recorded (table 6.) The 
data show that those treatments which caused a significant reduction in 
yield (table 5) also caused a significant reduction in the size of the bunches. 
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The data presented show that copper injury on {grapes causes a reduc¬ 
tion in cane i^rowth, yield, and size of bunches. However, this difference 
was not so apparent in some years as in others. It has been reported (1) 
that wet weather gives favorable atmospheric conditions for copper injury 
on apples. Copper injury was first observed on grapes in 1940 (2, 4) and 
caused a reduction in yield. In the experiments herein reported, the 
greatest reduction in yield occurred in 1942 and 1943. An examination of 
the weather records for May, June, July and August from 1940 to 1944, 


TABLE 6 .—Effect of spray treatment on size of hunches 


Treatment 


Weight (in 

pounds) of 100 bunches 

Principal 

— 

- 

—- __ 

No. 

fungicide 

1943 

1944 

2-year 
average 

1 

Tribasic 

16.2 

135 

14.8 

2 

YCO 

16.6 

14.9 

15.8 

3 

YCO 

14.0 

14.1 

14.1 

4 

Lead and 
lime 

20.0 

18.1 

19.0 

5 

Burdo 

2-2-100 

18.0 

16.6 

r.3 

6 

Bordo 

2-2-100 

17.8 

15.7 

16.8 

7 

liordo 

4-4-100 

18.3 

16.1 

17.2 

8 

Bordo 

8-8-100 

18.2 

15.3 

16.8 

9 

Bordo 

8-8-100 

17.5 

17.3 

17.4 

10 

Bordo 

8-8-100 

18.2 

17.6 

17.9 

11 

Black Leaf 

20.0 

17.6 

18.8 

12 

Tribfisic- 

lime 

20.5 

16.8 

18.6 

13 

Y(^0-Limc 

20.7 

16.5 

18.6 

14 

YCO-Lime 

21.7 

16.9 

19.3 

15 

Bordo— 

Tribasic 

16.8 

14.8 

15.8 

16 

Bordo- 

Tribasic 

17.0 

15.6 

16.3 

Least difference needed 

Odds 19:1 

3.5 

3.5 

2.5 

for significance 

Odds 99:1 

4.7 

4.7 

3.4 


inclusive, gives some interesting information. There were 50 or more days 
with 0.01 inches of rain or more during these 4 months of the years when 
visible symptoms of copper injury appeared early in the season while there 
were only 38 and 35 such days in 1941 and 1944, respectively, when the 
early appearance of noticeable injury did not occur (Table 7). This indi¬ 
cates that wet weather is probably the principal factor influencing the 
occurrence of copper injury on grapes. 
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DISCUSSION 

The following neutral copper fungicides have been found to cause 
injury to Concord grapes when used at a copper concentration equal to 
that in Bordeaux mixture 3-3-100: tribasic copper sulfate, copper com¬ 
pound A (4), Basicop (4), Yellow Cuprocide and Cuprocide 54-Y (4). 
Other neutral coppers were not tested. Bordow, which is a powdered 
Bordeaux mixture did not cause any significant injury (4). Throughout 
the various experiments on the control of grape diseases (5) after 1940, 
the neutral coppers were used at a copper concentration equal to Bordeaux 
mixture 2-2-100, or if used equal to Bordeaux mixture 4 - 4 -100, there was 
1 lb. of hydrated lime added to the spray mixture for each 34 lb. of actual 
copper present in 100 gallons. In no case did apparent copper injury occur 


TABLE 7.— Records of rainy days^ and rainfall 



May 

June 

July 

August 

Total 

Location 

Year Eainy Bain- 

Eainy Eain- 

Eainy Eain- 

Eainy Eain- 

Eainy Eain- 

(County) 

days fall 

days fall 

days fall 

days fall 

days fall 




No. Inches 

No. Inches 

No. 

Inches 

No. 

Inches 

No. 

Inches 

Seneca 

1940 

17 

5.35 

13 

4.37 

13 

3.13 

11 

2.52 

54 

15.37 

Chautauqua 

1941 

12 

1.68 

9 

2.61 

10 

4.04 

7 

3.16 

38 

31.49 

Do 

3942 

19 

5.57 

11 

1.48 

15 

5.59 

12 

8.88 

57 

21.52 

Do 

1943 

20 

4.06 

7 

2.64 

10 

2.48 

13 

3.49 

50 

12.67 

Do 

1944 

11 

2.76 

10 

3.47 

7 

0.82 

7 

2.36 

35 

9.41 


• n Eainy Days=Days with 0.01 inches of rain or more. 

with either of these spray mixtures. If neutral coppers are to be used 
alone to give a non-alkaliiie spray mixture, there should not be more than 
Va pound of actual copper per 100 gallons of spray mixture (5). As 
shown in the experiments reported herein, the copper injury can be prac¬ 
tically eliminated by the addition of the hydrated lime to the neutral cop¬ 
pers when they are used at a higher copper concentration in the spray mix¬ 
ture. S. E. C. oil was used as a spreader-sticker in the spray mixture when 
copper injury was first observed. There was no difference in the amount 
of copper injury that oecurred when either rosin oil soap or S. E. C. oil 
were used. 

Contrary to what might be expected, there.was no significant difference 
in the yield from vines sprayed with Bordeaux mixture 2-2-100, 4 - ^ -100, 
or 8—8—100. All of the Bordeaux plots showed a significant reduction in 
the 4-year average yield compared to that of the check. If the application 
I or applications I and II were omitted when Bordeaux mixture 8-8-100 
was used, there was no significant difference in yield as compared to the 
check. The yield was not significantly greater than when the applications 
were not omitted. 

Since the visible copper injury symptoms in the neutral copper plots 
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usually appeared by the blooming period, it is indicated that most of the 
injury occurs when applications I and II are made. However, in two treat¬ 
ments Bordeaux mixture was used for applications I and II and tribasic 
copper sulfate at 2—100 for applications III and IV. The yields from these 
treatments were reduced in the same order as the yields from the treat¬ 
ments which received the neutral copper without lime throughout the 
season. 

lu general the neutral coppers gave significantly more injury than 
Bordeaux mixture. When hydrated lime was added to the neutral copper 
the injury was alleviated and there was no significant ditference in yield 
between plots with this spray mixture and Bordeaux mixture or the non- 
sprayed plots. In order of decreasing injury, the spray treatments ranked 
as follows: neutral coppers, Bordeaux mixture, neutral coppers plus lime, 
and non-sprayed. The weather appeared to be a contributing factor as 
to the presence and severity of copper injurj^ on Concord grapes. 

The effect of the fungicides on yield was obtained in a vineyard where 
no diseases were present. If diseases had been present, the yield from 
the sprayed plots would have been greater than the yield from the non- 
sprayed plots. 


SUMMARY 

Following the observation in 1940 that neutral copper fungicides used 
at copper concentrations ecpial to that of Bordeaux mixture 4-4-100 would 
cause injury to Concord grapes, a four-year investigation was made to 
determine the factors involved. 

Copper injury caused by neutral copper fungicides is characterized by 
small, yellowish leaves, reduced cane growth, and reduced yield. With 
Bordeaux mixture the reduction in size of the leaves and the change in 
color were not apparent. 

Tribasic copper sulfate, copper compound A, Basicop, yellow cuprocide 
and cuprocide 54-Y were the neutral coppers used and all of them caused 
injury (5). In the 4-year experiment, tribasic copper sulfate and yellow 
cuprocide caused a significant reduction in cane growth, yield, and size 
of bunches. 

The injury caused by the neutral coppers was alleviated if they were 
used at a concentration of pot over one-half pound of metallic copper per 
100 gallons, as previously reported (5), which would be a neutral spray 
mixture, or at higher concentrations if one pound of hydrated lime was 
added for each one-fourth pound of metallic copper per 100 gallons. 

Bordeaux mixture caused a significant reduction in yield although 
visible symptoms of copper injury were not present. There was no signifi¬ 
cant difference between the yields from plots sprayed with 2-2-100, 4-4-100, 
or 8-8-100 concentrations of Bordeaux mixture. 

The amount of copper injury that occurred was not influenced by 
either the rosin fish oil soap or the S.E.C. oil used as a spreader-sticker. 



466 


Phytopathology 


[VoL. 38 


The spray treatments would rank in order of decreasing injury as 
follows: neutral coppers, Bordeaux mixture, and neutral coppers plus lime. 

One factor contributing to the severity of the (iopper injury was the 
number of days with 0.01 inches of rain or more during May, June, July, 
and August. 

There were no diseases present in the vineyard at any time during the 
course of the investigation. 

Nkw York State Agricultural Experiment Station, 

Geneva, New York. 
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RESISTANCE TO SPOTTED WILT TN TOMATO 

Francis 0. Holmes 
(Accepted for publication January 30, 1948) 

Spotted-wilt disease of the tomato {Lycopersicon cscAilentum Mill.) 
has been observed by the writer oeeasionally in past years in New Jersey 
and neighboring states. It has not appeared to be a very common disease 
nor has a locally severe outbreak been recognized until recently. The 
reason for the infrequency of its occurrence has not been obvious, for else¬ 
where in the world, notably in Australia (5), in New Zealand (2), and in 
the Union of South Africa (4), spotted wilt has proved disastrous in its 
effects on tomato cultivation. 

The disease known as riiigspot of dahlia {Dahlia pinnata Cav.), studied 
originally by Brierley (1), has yielded a virus similar to that from spotted 
wilt of tomato in greenhouse and laboratory tests. Infected plants of 
dahlia are a probable source of much of the tomato disease. The causative 
virus can overwinter in dahlia conns wdiereas it usually cannot overwinter 
in tomato, a short-lived perennial species that is grown in the New^ Jersey 
area commonly as an annual crop and to a much less extent as a winter 
crop in greenhouses. Ringspot of dahlia, like spotted wilt of tomatoes, has 
been a relatively unimportant disease in the past in the eastern United 
States. 

An unexpectedly severe outbreak of ringspot was observed in an exten¬ 
sive planting of dahlias near Vineland, New^ Jersey, in 1946. In this 
planting, slightly more than .‘10 per cent of the plants w^re obviously 
affected by October 10. Probably additional plants w^ere infected but were 
not readily recognized as diseased at the time. Tomato plants had failed 
that year, and for a few years preceding had been difficult to grow% in the 
immediate neighborhood. 

A study was made of the affected dahlia plots with a view" to learning 
w"hy ringspot disease, which is believed to be spotted w-ilt as it occurs in 
dahlia, should be so common there and w"hat factors may have influenced 
an unprecedented spread to tomatoes. A third plant was found to be 
involved conspicuously. Chickweed {Siellaria media L.) was very abun¬ 
dant throughout the dahlia planting. It showed many white or yellow circu¬ 
lar spots on old leaves and some distorted young leaves, such as had not 
been seen elsewhere. Prom affected chickweed leaves, a virus comparable 
to that isolated from ringspot lesions in dahlia was obtained by subinocnla- 
tion to plants of Nicotiana glutinosa L. and tomato. Moreover the disease 
on chickweed could be reproduced readily by mechanical inoculation of 
healthy chickweed plants with virus originally derived from ringspot 
lesions in dahlia. Despite the potentially wide host range recognized for 
spotted-wilt virus {Lethum aiistraliense H.), no other w’eed in the dahlia 
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fields appeared to be affected. There were present, however, abundant 
thrips, presumably including the ubiquitous onion thrips, Thrips tdbaci 
Lind. (Thripidae), a vector of spotted wilt. 

The severity of the local outbreak of the disease can be accounted for 
largely on the basis of extensive dahlia culture during the months of June 
to October, in an area heavily infested with cliickweed, a winter annual 
occurring most abundantly from September to July. The seasons for 
growth of dahlia and chickweed overlap and together encompass the entire 
year. Transfer of virus from infected chickweed would tend to increase 
the incidence of spotted-wilt lesions in dahlia each summer; return of virus 
to seedling chickweeds in the autumn would complete a cycle. Chickweed 
alone could not be expected to maintain the disease, because the weed 
does not persist through the summer season in any quantity; and, in fact, 
fields a few miles removed from dahlia culture had only healthy chickweed 
plants. By March of 1947 the chickweed in the dahlia-growing area had 
been destroyed by intensive cultivation except in a small plot. The plants 
in this plot were so numerous as to touch each other over most of the surface 
of the ground. Almost all were diseased. Shortly afterward these also 
were destroyed with a view to attempting control of the disease. Had they 
been left to grow until July, much renewed spread of disease to dahlia 
might have been anticipated. 

Varieties of tomato resistant to spotted wilt in the Territory of Hawaii 
had become available recently through the work of Kikuta, Hendrix, and 
Frazier (3), who developed the Pearl Harbor tomato and several improved 
derivatives of this variety. The writer had observed the adequacy of resis¬ 
tance of the Pearl Harbor tomato in Honolulu. It seemed possible that 
the outbreak of disease in New Jersey might be controlled, so far as toma¬ 
toes were concerned, by the use of such resistant lines. The Hawaiian 
investigators kindly supplied suitable seeds for this experiment. 

Unfortunately, it was found that the New Jersey disease overcame 
the type of resistance that is characteristic of the Pearl Harbor tomato, both 
under conditions of natural spread in the field and under experimental 
conditions in the greenhouse. In the field a partial but insufficient resis¬ 
tance was displayed (See table 1). In the greenhouse, where infection 
was more nearly simultaneous and hence involved on the average younger 
plants and where dosage of virus was probably greater, hardly a trace of 
resistance was noted in the Pearl Harbor tomato and its derivatives. All 
inoculations in the greenhouse were made by mechanical means, that is, by 
rubbing leaflets in the presence of freshly expressed extracts of 10 to 12- 
day-diseased tomato plants and fine (320-mesh) carborundum powder. 

Fortunately, seeds of a large number of unusual varieties of tomato 
were available in the writer’s seed collection at the time; many were grown 
and seedlings produced from them were tested by mechanical inoculation. 
The virus used to test them was isolated originally from the dahlia by sub- 
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inoculation to Nicotiana glutinosa and subsequent transfer from the char¬ 
acteristic necrotic-type lesions on this plant to seedlings of Bonny Best 
tomato, a fully susceptible variety. In tomato, it produced tip blight 
symptoms and other manifestations characteristic of the tomato malady in 
the field. In expressed juice this virus was completely inactivated in 10 
minutes at 45° C. To maintain the virus at sufficiently high titer for use 
in testing seedlings, subinoculations were made at approximately 10-day 
int -rvals to new young tomato plants. Tests of the virus when thus regu¬ 
larly transferred showed sufficiently high infectivity to produce, in one 
test, an average of 42.8 lesions per leaf in 10 leaves of N, glutinosa. 

Most of the varieties tested proved highly susceptible but two out¬ 
standingly resistant lines of tomato were found. 

One of the resistant tomatoes was known as Rey de los Tempranos 
(King of the Earlies). It was an Argentinian variety originally obtained 


TABLE 1 .—Comparison of tomato varieties in the field at Vineland, N. J., on 
July 15, 1947 




Number of plants 


Variety 

Dead 

Severely 

diseased 

Moderately 

affected 

Apparently 

healthy 

Rutgers . 

. 26 

10 

4ii 

6rt 

Rey de los 

Tempranos . 

. 0 

0 

7 

83 

Pearl Harbor . 

. . 17 

40 

6 

27 


a Only plants in the last two columns, moderately affected and apparently healthy, 
had produced appreciable amounts of fruit. 


through the kindness of Dr. M. P. Babb, of the Cheyenne Horticultural 
Field Station in Cheyenne, Wyoming. All plants of this variety seemed to 
be resistant (See figure 1). Many of them showed no obvious response 
to inoculation, though a little virus could be recovered sometimes from inoc¬ 
ulated leaflets, indicating localized and inapparent infection. A few 
became diseased systemically, but later sent out healthy branches and 
produced fruits. Seeds from a fruit on such an injured plant were grown. 
A progeny of 56 plants produced from them seemed as resistant as the 
variety itself, only two being moderately affected, whereas all of 44 
plants of the susceptible variety Bounty, grown as controls, became sys¬ 
temically diseased. In the field, resistance proved to be of a similarly high 
order; a few plants became affected but the planting as a whole appeared 
vigorous and fruitful, whereas neighboring plantings of the varieties 
Rutgers and Pan America were so severely affected as to produce no usable 
fruits. 

The second variety of value was the Manzana (Apple) tomato. This was 
another Argentinian variety, received through the kindness of Dr. F. 
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Rosenbusch of Buenos Aires. In this stock, the seeds of which were 10 years 
old when tested, some inhomogeneity existed. Part of the plants proved 
susceptible, but progenies that seemed wholly resistant were grown from 
seeds of resistant individuals. 

First-generation hybrids between the susceptible Rutgers tomato and 
the resistant Rey de los Tempranos were not so resistant as the variety Rev 
de los Tempranos nor so readily infected systemically as plants of the 
seed parent, Rutgers. The same was true of a similar cross having Bounty 
as susceptible parent, instead of Rutgers, and of the reciprocal h3d)rid 
between Rey de los Tempranos, used as female parent, and Bonny Best, a 



Fio. 1. An unaffected tomato plant of the resistant variety Rey de log Tempranos 
and a severely injured plant of the susceptible variety Rutgers, each 17 days after 
inoculation with spotted-wilt virus originally isolated from ringspot of dahlia in 
New Jersey. (Photograph by J. A. Carlilc.) 

fully susceptible sort, used as male parent. In all cases the Ft plants 
seemed intermediate between the parental types in their responses to inocu¬ 
lation. 

In a second generation of the Rutgers cross, grown from seed produced 
by self-pollination of flowers on the Fi plants above mentioned, typical 
spotted-wilt disease was established in 299 plants of 401 inoculated; the 
remaining 102 plants reacted like the resistant variety Rey de los Temp¬ 
ranos, only 18 becoming somewhat affected later and these tending to send 
out healthy branches and to produce fruits. All of 397 inoculated control 
plants of the susceptible variety Rutgers became systematically diseased. 
The ratio of typically diseased to resistant plants among the second genera- 
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bion hybrids, 299:102, suggested that segregation tor resistance had oc¬ 
curred in approximately a 8 :1 ratio. A single-gene difference thus seemed 
to account for much if not all of the essential distinction between the resis¬ 
tant and susceptible stocks used in this test. The gene for resistance may 
be treated as though it were fully recessive in breeding experiments, al¬ 
though Fi heterozygotes were shown to be more difficult to infect sys- 
bemically than were the susceptible parent plants. 

The Manzana tomato, as roy^resented by selected resistant lines, was 
found to be as resistant as the variety Rey de los Tempranos in subsequent 
greenhouse and field tests in New Jersey. Manzana fruits were nearly 
spherical and of large size; they were red in color and of good flavor. Their 
only obvioiLS defect was a tendency to concentric cracking and somewhat 
delayed ripening near the stem end of each fruit. Fruits of the variety 
Rey de los Tempranos Avere far more numerous and earlier in ripening, 
but were relatively small, flattened, and ridged. 

The high degree of resistance of the variety Rey de los Tempranos in the 
field, the extreme susceptibility of the Rutgers tomato, and the intermediate 
but insufficient resistance of the Pearl Harbor tomato under New Jersey 
conditions are Avell shown in table 1. 

Through the kindness of Mr. K. Kikuta and Dr. W. A. Frazier of the 
Agricultural Experiment Station at the University of Hawaii in Honolulu, 
Territory of ITaw^aii, the varieties found resistant in the field under Ncav 
Jersey conditions were exposed to natural infection in Honolulu, on the 
grounds of the Agricultural Experiment Station, Avhere a special test plot 
has been maintained for a study of resistance to Hawaiian spotted-wilt 
virus. Both Rey de los Tempranos and Manzana tomatoes appeared some¬ 
what less resistant to spotted wilt there than the locally adapted resistant 
variety Pearl Harbor but much more resistant than the susceptible A^arieties 
Rutgers and Bounty. Tf the results of the preliminary test should be con¬ 
firmed, this might indicate that the two types of resistance could be com¬ 
bined to advantage by crossing Pearl Harbor with Rey de los Tempranos or 
Manzana tomatoes. Among segregating progenies, some lines capable of 
resisting an increased variety of strains of spotted wilt might be found. 

I>ISCUSSION 

Spotted wilt is a yiral disease of Avorld-Avide distribution. Tt has 
reached every continent and many oceanic islands, [nfection seems to be 
much more frequent in some areas than in others, probably in accordance 
with availability of suitable plant hosts to act as reservoirs and thrips to 
act as vectors of the causative virus. Measures for control of the disease 
have sometimes been based on isolation of crops from cultivated or weed 
hosts and sometimes on destruction of insect vectors. Until recently no 
success has been reported in the search for immune or highly resistant 
varieties. 
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The first adequate resistance in tomato to damage by locally-occurring 
strains of the virus was reported in 1945 by the Hawaiian group of investi¬ 
gators, Kikuta, Hendrix, and Frazier (3). These investigators introduced 
the Pearl Harbor tomato and several excellent derivatives, which are ca¬ 
pable of withstanding the disease as it occurs in the Hawaiian Islands. The 
existence elsewhere of one or more additional strains of virus requiring an¬ 
other type of resistance in tomato is illustrated in the present investigation. 
Perhaps the virus will continue to disclose potentially dangerous strains, 
for which the now known types of resistance may be inadequate. Further 
selection of types of resistance may be needed to complete eventually the 
solution of the world-wide problem of control of spotted wilt in tomato. 

Comparison of experiences in the Hawaiian Islands with subsequent 
studies in New Jersey teaches a somewhat unexpected lesson. Investigators 
in the Hawaiian Islands might logically have concluded that reintroduction 
of spotted-wilt virus would be without eifect, because the Islands long have 
been infested by strains of spotted-wilt virus and in recent years have pos¬ 
sessed also an adequate resistance in tomatoes. If spotted-wilt virus from 
New Jersey had been introduced, however, the adequacy of existing resis¬ 
tance in tomatoes would have been severely tested and perhaps nullified, 
unless the damaging new strains had found conditions there unsuited to 
their multiplication or transmission. Fortunately, adequate resistance for 
New Jersey strains of virus is now available if needed. The insight pro¬ 
vided by tests of the Pearl Harbor type of resistance in New Jersey would 
suggest, however, that is not advisable to introduce a virus into a country, 
especially one normally protected by ocean barriers, even though strains 
of the virus are reported as present already. 

In general it has been supposed that a virus strain is capable of giving 
rise to all possible derivatives wherever it exists. There may, however, be 
practical limitations to selection and establishment of some variants. If 
mutation of one strain gives rise to a derivative especially well suited to po¬ 
tential host plants in an environment, the derived strain may persist and 
even become dominant. This evolutionary process may go on through a 
series of steps. Conceivably it may also reverse itself, so far as mutation 
is concerned, but suitable hosts to support the whole chain of events required 
for a gross change in characteristics or for a stepwise return may not be 
available, especially in a limited environment, such as that of an island or 
a small group of islands. For this reason certain strains may not be 
developed, selected, and established locally. 

It will be of interest to test the tw'o now known types of resistance in 
all the areas of the world from which spotted-wilt disease has been reported. 
Will the first-described virus of spotted-wilt, that reported from Australia 
by Samuel, Bald, and Pittman (5), resemble that of the Hawaiian Islands, 
that of New Jersey, or neither of these, in its efPect on tomato plants bearing 
the Pearl Harbor type and on those bearing the newly described type of 
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resistance? Will the so-called kromnek disease in the Union of South Africa 
(4) resemble spotted-wilt disease as first recognized in Australia in its 
relationship to the two types of resistance ? Whereas it would be obviously 
unsafe to import spotted-wilt viruses from different continents for com¬ 
parison with o'Vic another, it would seem to be a safe and expedient process 
to send seeds of resistant tomatoes to all affected areas. 

SUMMARY 

An outbreak of spotted-wilt disease in a small area of southern New 
Jersey was caused by a strain or strains of the causative virus capable of 
overcoming the resistance of the Pearl Harbor tomato and its recent deriva¬ 
tives as developed in the Hawaiian Islands. A heritable resistance ade¬ 
quate for control of the New Jersey disease was found in two kinds of 
South American tomato, the variety Rey de los Tempranos and some lines 
of the variety Maiizana, both from Argentina. The new type of resistance, 
as exemplified in the variety Rey de los Tempranos, was inherited as a single 
Mendelian factor in crosses with the susceptible Rutgers variety of tomato; 
approximately one quarter of all plants (102 of 401) in the second hybrid 
generation displayed resistance comparable to that of the resistant parent. 

The Department of Animai^ and Plant Pathology of 
The Rockefeller Institute for Medical Research, 

Princeton, New Jersey. 
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EFFECTIVENESS OF FUNGICIDES IN CONTROLLING 
BLACK ROT OF SWEET POTATOES 

L. H. Person, E. 0. Olson, and W. J. :Martini 
(Accepted for publication February 10, 1948) 

In recent years black rot of sweet potatoes caused by Ceratoaiomella fini- 
briata (E. and II.) Ell. has been assuming jrreater importance in the com¬ 
mercial sweet potato areas in Louisiana. This situation is attributed to a 
jreneral relaxation in the use of sanitary practices necessary for the control 
of the disease and to the introduction of the practice of washing potatoes 
immediately before packing and shipping. Black rot has caused some losses 
in stored, unwashed potatoes, but the f?reatest losses have occurred during: 
transit to market in the early crop which is harvested and shipped in July 
and August. Affected potatoes as they reach the market are illustrated in 
figure 1, A. 

A fungicide which would be effective against black rot and could be used 
without harmful effects on the freshly dug sweet potatoes after washing, 
would be of considerable value in preventing losses from this disease. Some 
attempts have been made to find such a fungicide. Daines- and Parris*^ 
have reported on the use of borax in the (*ontrol of soft rot of sweet potato 
and Jeffers'* has reported on tests of several fungicides for preventing infec¬ 
tion of sweet potato slices by CeratostonieJla fimhriata. 

During the past five years a number of fungicides have been tested in 
Louisiana for their effectiveness in controlling black rot. The results of 
these tests are reported in this paper. 

MATERIAI.S AND METHODS 

The sweet potato variety Porto Rico was used throughout and all tests 
with the fungicides were made in essentially the same way. After the sweet 
potatoes were washed they were dipped in a heavy spore suspension of Ccra- 
tostomella fimhriata and then immersed for about 30 seconds in a water solu¬ 
tion or suspension of the fungicide to be tested. The potatoes were then 
placed in large paper-lined crocks or crates. To serve as checks potatoes 
were dipped in the spore suspension, placed in crocks or crates and stored 
under the same conditions as the treated potatoes. After a period of ap¬ 
proximately 15 days the potatoes were examined. Counts were made of the 
lesions on each potato and the average number of lesions per potato in each 
treatment was calculated. 

1 Credit is due Joseph E. Seagram and Sons Tnc., Louisville, Kentucky, for support 
of a fellowship in connection with these studies. 

2 Baines, R. H. Soft rot of sweet potatoes and its control. New Jersey Agr. Exp. 
Sta. Bui. 698. 1942. 

3 Parris, G. K. Control of soft rot of freshly washed and waxed, uncured sweet- 
potatoes due to Jihizopus nigricam: A preliminary report. U. S. Dept. Agr., PI. Dis. 
Rptr. 28: 1168-1169. 1944. 

, Jeffers, W. F. Evaluation of several fungicides in preventing infection of sweet 
potato slices by Ceratostomella flmhriata. (Abstr.) Phytopatli. 37: 439. 1947. 
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TABIjE 1. Results of tests showing the overage number of black-rot lesions per 
potato which developed on the treated and untreated lots 


Treatment 


No. 

No. of potatoes used 

Ave. no. of lesions 
per potato 

Fungicide^ 

Concentration** 
(Per cent) 
in water 

of 

testa 

Treated 

Untreated 

Treated 

Untreated 

Bora> . 

2.50 

1 

22 

22 

0.5 

8.0 


1.25 

7 

124 

127 

0.9 

8.4 


1.00 

1 

19 

24 

0.9 

5.4 


0.67 

1 

24 

24 

0.8 

5.4 


0.63 

5 

79 

79 

1.2 

10.4 


0.50 

1 

21 

24 

1.3 

5.4 


0.31 

2 

21 

20 

4.8 

11.0 

Dithane D-14 .. .. 

1.00 

3 

75 

73 

0.4 

5.8 


0.67 

4 

106 

105 

0.6 

6.6 


0.50 

3 

51 

51 

0.9 

5.3 


0.25 

3 

36 

37 

4.2 

9.1 


0.13 

1 

10 

10 

11.5 

19.5 

Acetic Acid .. .. 

1.00 

1 

10 

10 

4.9 

13.4 

Calcinm 

hyfochlorite . 

Saturated 

1 

11 

10 

12.5 

fs 

13.4 ' 

DithJne Z-78 . 

0.20 

1 

41 

39 

1.0 

6.8 ■ ' 

/ 

0.10 

1 

39 

39 

1.5 

6.8 ’ 

Dcyficide A ... 

0.40 

1 

18 

17 

12.1 

13.1 

Dowicide B . . 

0.40 

1 

16 

17 

•:-.4 

13.1 

Elgetol . 

0.07 

1 

9 

10 

5.2 

13.4 

8-Hydroxyquinoline 

sulfate 

1.00 

1 

15 

17 

5.0 

13.1 

Isothan Q-15 . 

0.50 

1 

16 

17 

10.7 

13.1 

Mercuric chloride 

0.10 

o 

53 

53 

0.5 

7.1 

Phygon . 

1.50 

1 

40 

39 

1.4 

6.8 


0.30 

1 

40 

39 

2.7 

6.8 


0.18 

4 

42 

40 

2.6 

9.1 


0.09 

o 

20 

20 

2.5 

11.0 


0.05 

1 

10 

10 

5.7 

19.5 

Potat-O-Dip . 

0.60 

2 

53 

53 

5.5 

7.1 

Puratized N5E 

0.50 

3 

37 

37 

1.0 

10.3 

Puratized 177 . . 

0.25 

1 

10 

10 

8.6 

13.4 

Puratized N5D . .. 

0.20 

1 

22 

22 

0.1 

8.0 

Thiourea . 

1.50 

3 

31 

30 

1.2 

7.6 


0.75 

2 

20 

20 

4.7 

11.0 


0.38 

2 

20 

20 

5.3 

11.0 


0.19 

2 

19 

20 

5.5 

11.0 


a The borax used was 20 Mule Team Brand made by Pacific Coast Borax Company; 
Dithanc D-14 is a liquid containing 25 per cent disodium ethylene bisdithiocarbamate; 
Dithane Z-78 is zinc dimethyl dithiocarbamate; Dowicide A is sodium o-phenyl phenate; 
Dowicido B is the sodium salt of 2,4,5-trichloro phenol; Elgetol is sodium dinitro-ortho- 
cresol; Isothan Q-15 is lauryl isoquinolinium bromide; Phygon is 2,3-dichloro-l,4-naph¬ 
thoquinone; Potat-O-Dip is a powder containing not less than 31.0 per cent aromatic 
phenylphenols and 0.1 per cent aromatic hydroxynitrocresols; Puratized N5D (10 per 
cent active agent) and Puratized N5E (5 per cent active agent) are phenylmercuritri- 
ethanol ammonium lactate; Puratized 177 (20 per cent active ingredient) is para amino 
phenyl cadmium dilactate. 

b Concentration was based on the commercial product or experimental sample used 
and not on active ingredients. 
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TESTS WITH FUNGICIDES 

Seventeen compounds were tested and the results with these are sum¬ 
marized in table 1. Since the tests were carried out over a long period of 
time and under different conditions, the results with each compound are 
given in comparison with the checks for the tests in which the material was 
used. 

Based on the average number of lesions which developed on the treated 
compared to the untreated sweet potatoes, the following compounds are con¬ 
sidered as having given satisfactory control of black rot: (1) borax at 0.63 
per cent or stronger, (2) Dithane D-14 at 0.5 per cent or stronger, (3) 
Dithane Z-78 at 0.2 per cent, (4) mercuric chloride at 0.1 per cent, (5) 
Phygon at 1.5 per cent, (6) Puratized N5E at 0.5 per cent, (7) Puratized 
N5D at 0.2 per cent and (8) thiourea at 1.5 per cent. Since mercuric chlo¬ 
ride and the two Puratized compounds contain mercury, they should not be 
used for treating potatoes that are for human consumption until further 
analyses are made; but they are safe for use in surface-treating roots before 

TABLE 2. —The average number of blaclc-rot lesions developed on inoculated sweet 
potatoes and on similar potatoes treated in different concentrations of borax 


Treatment 


No. of Ave. no. of lesions 

potatoes used per y)()tato 


Untreated—c'liecks 

39 

Borax, 1.0 per cent 

38 

0.7 

40 

0..5 

40 

0.3 

40 

0.1 

39 


6.8 

0.1 

0.1 

0.1 

0.4 

0.5 


bedding them for slip production. The Dithane Z--78, Phygon, and thiou¬ 
rea treatments were somewhat less effective than the borax and Dithane 
D-14 treatments. Thus, borax and Dithane-14 seem to have the best possi¬ 
bilities for use in treating sweet potatoes for the prevention of black rot af¬ 
ter the commercial washing process, provided the solutions are allowed to 
dry on the surface. Preliminary tests indicate that the borax treatments 
are not effective if the potatoes are washed in water after treatment. 
Borax-treated and untreated potatoes are shown in figure 1, B and C. 

EFFECT OF WEAK SOLUTIONS OF BORAX 

To determine the lower limits of concentration of borax effective in pre¬ 
venting the development of black rot on inoculated sweet potatoes, a test 
was made with different concentrations from 0.1 per cent to 1.0 per cent. 
The results of this test are summarized in table 2. Concentrations as low 
as 0.1 per cent borax gave striking reductions in the average number of 
black-rot lesions which developed per potato. 

TESTS WITH market SWEET POTATOES 
In a test under commercial conditions^approximately 2400 potatoes 
showing no evidence of black rot were obtained from a lot of potatoes which 





“ocnlation. 
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had some black rot in them at the time of washing. Immediately after the 
potatoes came off the washing machine, they were divided into four groups, 
one for each of the following treatments: (a) untreated checks, (b) dipped 
in a 1.3 per cent solution of Dithane D-14, (c) dipped in a 1.0 per cent solu¬ 
tion of borax, and (d) dipped in a 0.6 per cent solution of borax. The pota¬ 
toes were stored in paper-lined crates as for shipment and notes were taken 
two weeks later. The average number of lesions w4iich developed per potato 
in the four treatments were: (a) 0.25, (b) 0.03, (c) 0.03, and (d) 0.05. 

INJURY TO THE SWEET POTATOI^S RICSULTING FROM TREATMENTS 
In the borax treatments some chemical burning was observed on i)otatoes 
treated in 2.5 per cent solutions (F'ig. 2, A). No serious burning was ob- 



Fig. 2. Sweet potatoes showing chemical burn after treatment for control of black 
rot. A. Treated in a 2.5 per cent solution of borax. B. Treated in a 1.3 per cent solution 
of Dithane D-14. 

served with any of the other (concentrations of borax used. In the test with 
market potatoes the potatoes used were rather badly skinned and bruised at 
the time of treatment but even under these (conditions the potatoes treated 
in 0.6 and 1.0 per cent solutions of borax showed no evidence of burning. 

In the treatments with Dithane D—14, a rather severe chemical burning 
was noted on the bruised potatoes treated in 1.3 per cent solution (Fig. 2, B). 
Under laboratory conditions no evidence of burning was noted with concen¬ 
trations up to 1.0 per cent of Dithane D-14. 

BORAX RESIDUES 

In order to have information concerning borax residues on treated sweet 
potatoes, Dr. B. A. Pieger of the Department of Biochemistry, Louisiana 
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State University, analyzed potatoes which had been dipped in solutions of 
borax at concentrations of 1.25 and 0.63 per cent. This was done to deter¬ 
mine if borax in sulBScient amounts adhered to the potatoes to make them 
unsafe for human consumption. The results of these analyses, which are 
included in table 3, indicate that boron residues are small. 


TABLE 3 .—Results of analyses of sweet potatoes treated with borax 


Dry weight of boron (p.p.m.) in potatoes 

Potatoes 

analyzed 

Untreated 

Dipped in 

0.63 per cent 
solution of borax 

Dipped in 

1.25 per cent 
solution of borax 

Raw (unwashed) 




Peelings . 

15.5 

172.60 

445.20 

Flesh . 

4.8 

4.40 

6.70 

Whole . 

4.8 

18.40 

33.20 

Raw (unwashed) stored 20 days 




Peelings . 

16.28 

157.90 

285.70 

Flesh . 

4.27 

4.46 

7.24 

Raw (wiished) whole 




Ill stream of water . 

4.80 

17.50 

22.20 

With brush. 

4.80 

13.40 

22.40 

Cooked (flesh) 




Baked . 

4.50 

7.20 

3.40 

Peeled then boiled . 

3.70 

7.00 

4.90 

Boiled in skins 

4.20 

6.30 

5.30 


SUMMARY 


In Louisiana, black rot of sweet potatoes has increased in importance in 
the early crop which is washed and shipped to market before curing. In an 
attempt to find a fungicide treatment for use on these potatoes after the com¬ 
mercial washing process, 17 compounds were tested for their effectiveness in 
controlling black rot. The results of these tests indicate that there are defi¬ 
nite possibilities for the commercial use of borax and perhaps Dithane 
D--14 at concentrations of approximately one per cent for controlling black 
rot on uncured sweet potatoes. 

Department op Plant Pathology, 

Louisiana Agricultural Experiment Station, 

AND 

Department of Botany, Bacteriology, and 
Plant Pathology, 

Louisiana State University. 









INFLUENCE OF SOIL MOISTUllE ON THE GROWTH OF THE 
POTATO PLANT AND ITS INFECTION BY THE 
ROOT-KNOT NEMATODE 

G. K. Parris^ 

(Accepted for publication February 10, 1948) 

The potato {Solanum tuberosum L.) has been grown as a commercial 
crop in the Territory of Hawaii since 1933, but not until the 1937-38 season 
was severe galling of tubers by the root-knot nematode, Ileterodera marioni 
(Cornu) Goodey, noted. This season was outstanding in that rainfall was 
higher than usual and the soil remained wet for much of the time from 
December to April, when potatoes are produced in Hawaii. 

Godfrey (1) showed that the amount of moisture in the soil seemed to 
play only a small part in root-knot development as long as the moisture 
content was favorable to the growth of crops. Little difference was found 
within the range of 40 to 80 per cent of the moisture-holding capacity of 
the soil; at 60, 70, and 80 per cent there appeared to be a slight increase 
over other moisture percentages but below 40 and above 80 per cent con¬ 
siderable knotting was found. Godfrey was of the opinion that temperature 
played a more important part than soil moisture in the development of 
Heterodera marioni. Gross (4) has reported an interesting observation; 
potatoes grown on land irrigated at frecpient intervals showed less tuber 
galling than potatoes grown on land of equal infestation but irrigated less 
often. He believed that lowering the soil temperature from frequent irriga¬ 
tion inhibited the development of II. marioni. When controlled irrigation 
was tried there was but slight reduction in visible symptoms however, and 
daily irrigation of land caused a reduction in soil temperature of 2.7° F., 
compared with the temperature of soil irrigated at 5-day intervals. 

The data presented here were jobtained from greenhouse tests designed 
to determine whether galling of tubers is more severe in wet soils than 
in soils of lower moisture content, and to measure the reduction in yield of 
potatoes due to (a) inadequate soil moisture, (b) Heterodera marioni, and 
(c) a combination of those. Two separate experiments were conducted; 
one in which potatoes were grown in field soil that was infested, naturally 
and also artificially, with H. marwni; and.another in which potatoes were 
grown in infested and fumigated soils. 

EFFECT OF SOIL MOISTURE ON DEVELOPMENT OF HETERODERA 
MARIONI IN POTATO TUBERS AND ROOTS 

Materials and Methods 

In this experiment, which lasted from August 1 to October 28, 1939, the 

J Formerly Plant Pathologist, Hawaii Agricultural Experiment Station, Honolulu, 
Territory of Hawaii. Published with the approval of the Director as Scientific Paper 
No. 166, Hawaii Agricultural Experiment Station, Honolulu, T. H. 
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air temperatures in the greenhouse were 83° to 93° F. (weighted mean 
87.7° F.) during the day, and 64° to 75° F. (weighted mean 70.5° F.) at 
night. For the two combined the weighted mean is 79.1° F., which is within 
the range reported by Godfrey (1) for gall formation. Soil collected from 
around the roots of field grown tomato plants affected with root-knot was 
mixed with finely chopped nematode infected roots of cucumber {Cucumis 
sativtis L.) and bean (Phaseolus vulgaris L.). This soil was a reddish clay 
loam, of almost neutral reaction, with a field capacity moisture content of 
approximately 36 per cent, a moisture equivalent of approximately 32 per 
cent, and a wilting coefficient of approximately 24 per cent. The soil was 
well mixed daily for one week and kept moist. Commercial fertilizer con¬ 
sidered adequate for normal growth of potato plants was incorporated, 
and an equal weight of soil was placed in each of 35 twelve-inch diameter 
clay pots previously weighed and counterbalanced. Their outer surfaces 
had been varnished to reduce evaporation. Several pieces of coarse wire 
screen were placed in the bottom of each pot for drainage. One potato 
tuber, 1.5-inch diameter, variety Bliss Triumph, outwardly free from 
nematode infestation was planted in each pot. Water was poured on the 
soil surface until leaching started, and also below the surface through 3 
one-half inch diameter glass tubes whose lower ends were open and flared 
and placed 2, 4, and 6 inches deep, respectively. When leaching stopped 
the pots were weighed individually; although small differences in weight 
existed, the pots approximated 31 lbs. each. Soil moisture at this time, on 
an oven-dry basis, was 35 per cent, or almost the field capacity. 

Fourteen pots were maintained at 31 lb. for 1 month by daily weighing 
and addition of water. The individual weights of 7 pots were allowed to 
fall to 29.5 lb., and those of the remaining 14 pots to 28 lb. by withholding 
water, which took about 1 week; these two weights were maintained for 1 
month. For convenience in description, pots that weighed 31 lb. during 
the first month are referred to as the “Wet^^ series; pots that weighed 
29.5 lb. during this time are referred to as the ‘‘Medium^’ series; and pots 
that weighed 28 lb. during the same period are referred to as the ‘‘Dry’’ 
series. 

No claim is made in this experiment, or in experiment 2, that the 
moisture content of the soil in the series Wet, Medium, or Dry ever was held 
constant. Soil samples taken at intervals and at the end of the experiment 
showed that moisture in the soil probably fluctuated between 31.5 and 35 
per cent in the Wet series, between 27.5 and 30 per cent in the Medium 
series, and between 24 and 27 per cent in the Dry series. 

Seven pots were kept in each of the series (Wet, Medium, and Dry) for 
the duration of the experiment. Thirty days after planting 7 pots were 
transferred from the Wet series and 7 from the Dry series to the Medium 
series. To compensate for the growth of tops and roots, the maintained 
weight of every pot was increased by one-half pound. Sixty days after 
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planting, the 7 pots in the Medium scries that had been transferred there 
at 30 days from the Wet series were placed in the Dry series, and the 7 
originally in the Dry series were placed in the Wet series. When the first 
change in soil-moisture was made (30 days), plants previously in the Wet 
series when changed to the Dry series wilted, particularly during the day, 
but recovered at night. Wilting was less marked, or absent, when plants 
previously in the Wet series were changed to Medium. After about 5 days 
no wilting was observed. 

Results 

All plants when 30 days old were measured for height; those in the 
Wet series averaged 11.7 cm., those in the Medium averaged 8.9 cm., and 
those in the Dry were 7.3 cm. 

In table 1 a summary is given of the relative vigor of tops of the potato 
plants, at 60 days, in relation to the different moisture treatments. From 
the ‘‘mean vigor scores’’ it can be seen that most vigorous growth was 


TABLE 1 .—Relative vigor of potato plant tops in relation to soil moisture, after 
2 months 



1 

— 

---— 

■ 


Soil 

N umber of plants per vigor class 

Mean 
vigor 
score b 

moisture « 

Very 

good 

Good 

Poor 

Very 

poor 

WW 

6 

1 

0 

0 

3.9 

MM 

0 

4 

3 

0 

2.6 

DD 

0 

2 

2 

2 

2.0 

WM 

3 

3 

1 

0 

3.3 

DM 

0 

4 

1 

^ i 

2.3 


a W = wet, M = medium, D = dry; the 2 letters represent moisture conditions 
for consecutive 30-day periods. Seven plants were in each group, but one plant in DD 
was lost through accident. 

hVigor scores: livery ijoor, 2:;::poor, 3 = good, and 4:= very good, 
obtained when the soil was continuously wet (WW) and poorest when it 
was continuously dry (DD), with a somewhat intermediate figure when the 
moisture was moderate in its amount (MM). Growth was better in the 
WM series than in the DM, MM, or DD series. 

Plants were harvested as soon as the tops died, usually 70 to 82 days 
after planting, with a few instances of 85 to 89 days. There was no evi¬ 
dence that the potato plants were attacked by organisms other than 
Jleterodera marioni. Tubers, underground stems and stolons, and roots 
were washed free of soil, the tubers weighed, and tubers and roots examined, 
outwardly and microscopically, for 11. marioni. Infection generally was 
heavy.- Data are summarized in table 2. Yields were highest in the 
WWW series, that is, with the soil kept continuously well moistened; but 
accompanying the high yields was severe galling of tubers and often of 
roots. Fifty per cent less yield, but with less galling of tubers and roots 

® Eighteen Whippoorwill cowpea plants, 3 growing for 30 days in each of 6 small 
cans, each can containing approximately 650 grams of the soil in which the potatoes 
were planted had an average of 616 nematode galls per plant on the root systems. 
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and lowest mean severity scores, was obtained in the WMD series, in 
which the soil moisture was lowered progressively as the plants got older. 
Galling of tubers was less in moisture series MMM and DDD than in the 
WWW series, with most severe galling of roots in series DDD. Somewhat 
confirming the trend is the result found in series DMW, where galling of 
tubers was more severe than in series WMD. Findings in experiment 1 
appear to show that tuber galling is more severe in wet than in dry soil, 
while root galling is more pronounced in dry than in wet soil. 


TABLE 2.— Longevityf yield, and severity of attach by Hetcrodcra marioni of 
potato plants in infested soil when held at relatively constant levels of moisture or 
varied at monthly intervals 


Soil 

mois¬ 

ture 

Av. 

Ufeof 

Av. 

yield 

No. plants with 
tubers 

Mean 

severity 

scores 

No. plants with 
roots 

Mean 

severit) 

scorers 

■ / 

plants 

(days) 

Severely Slightly 
galled galled 

Severely Slightly 
galled galled 

WWW 

81 

320 

7 

0 

2.0 

5 

2 

/l.T 

MMM 

71 

100 

4 

3 

1.5 

5 2 


DDD 

70 

24 

4 

2 

1.6 

6 

0 

PP 

WMD 

79 

161 

2 

5 

1.2 

2 5 


DMW 

70 

95 

7 

0 

2.0 

6 

1 



n W — wet, M = medium, D =: dry; the 3 letters represent moisture conditions for 
consecutive 30-day periods. Seven plants were in each group, but one plant in DDD 
was lost through accident. 

bMean severity scores: 1 = slightly galled, 2= severely galled. Mean severity 
score represents sum of plants in each severity class times the score for that class 
divided by the total number of plants. 

EFFECT OF SOIL MOISTURE ON DEVELOPMENT OP HETERODERA 
MARIONI ON POTATO AND ON NORMAL GROWTH OF THE PIiANT 

Materials and Methods 

To better interpret the results of the first experiment a second was 
planned. Potatoes were grown in nematode-infested and in fumigated soil 
and the effect of differences in soil moisture on the growth of the plant 
and on the activities of Heterodera marioni determined. The same soil 
type was used as in experiment 1 and it was handled similarly except that 
it was infested with peelings from the nematode-infected potato tubers 
from experiment 1. Enough soil was infested to later fill 60, twelve-inch 
diameter clay pots, varnished on their outer surfaces. Commercial fertilizer 
adequate for normal growth was mixed with the soil. Half of the soil was 
fumigated 5 days with chloropicrin (2.5 cc. per cubic foot) in closed con¬ 
tainers, spread out on tables in the greenhouse for 5 days to allow escape 
of the nematocide, then well wetted, and placed in 30 pots. Pots were 
counterbalanced as before, an equal weight of soil placed in each, and one 
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potato tuber (Bliss Triumph), outwardly free of nematode infection, 
planted per pot. The soil was watered until seepage started; when it 
stopped the pots plus soil were weighed. Experiment 2 lasted from 
November 8, 1939, to February 5, 1940, when the greenhouse day temper¬ 
atures varied from 74° to 99° F. (weighted mean 87.6° F.) and the night 

TABLE 3.— Longevity^ yield, and severity of attack by Helerodera marioni of 
potato plants in infested and also in fumigated soil when held at relatively constant 
soil moistures or soil moistures varied at monthly intervals 


Soil 

treatment 

Age of 


No. plants with 


No. plants with 

Mean 

severity 

plants 
when har¬ 

Av. 

yield - 

tubers 

Mean 

roots 

and soil 
moisture a 



severity ■ 



vested 

(gm.)b 

Severely Slightly 

scoresc 

Severely Slightly 

scoresc 

(days) 

galled 

galled 


galled 

galled 


Fumigated 









WWW 

30 

0 



.. . 

0 

0 

0.0 


60 

368 

0 

0 

0.0 

0 

0 

0.0 


90 

550 

0 

0 

0.0 

0 

0 

•0.0 

DDD 

30 

0 




0 

0 

0.0 


60 

214 

0 

0 

o’b 

0 

0 

0.0 


90 

297 

0 

0 

0.0 

0 

0 

0.0 

WMD 

60 

266 

0 

0 

0.0 

0 

0 

0.0 


90 

388 

0 

0 

0.0 

0 

0 

0.0 

DMW 

60 

200 

0 

0 

0.0 

0 

0 

0.0 


90 

410 

0 

0 

0.0 

0 

0 

0.0 

Infested 









WWW 

30 

0 

... 



0 

2 

0.6 


60 

146 

2 

i 

1.6 

0 

3 

1.0 


90 

324 

2 

1 

1.6 

1 

2 

1.3 

DDD 

30 

0 




0 . 

1 

0.3 


60 

57 

1 

1 

1.5 

2 . 

0 

2.0 


90 

152 

1 

2 

1.3 

3 

0 

2.0 

WMD 

60 

180 

1 

1 

1.0 

0 

3 

1.0 


90 

222 

2 

1 

1.6 

1 

2 

1.3 

DMW 

60 

165 

1 

2 

1.3 

2 

1 

1.6 


90 

245 

3 

0 

2.0 

2 

1 

1.6 


a W = wet, M = medium, D == dry; the 3 letters represent moisture conditions for 
consecutive 30-day periods. Three plants were harvested at 30, 60, and 90 days, respec¬ 
tively, from each group except at 60 days in infested soil, group DDD, where one plant 
was lost through accident. 

b Variation in yield between individual plants was less than 10 per cent; a yield of 
0 indicates that no tubers were present. 

c Mean severity scores: 0 = not galled, 1 = slightly galled, 2 = severely galled. 

Mean severity score represents the sum of plants in each severity class times the score 
for that class, divided by the total number of plants. 

temperatures from 57° to 74° F. (weighted mean 65.4° P.) ; the weighted 
mean for all temperatures combined is 76.5° F., within the range reported 
by Godfrey (1) for gall formation. 

The two extremes of soil moisture, Wet (W), and Dry (D), were 
studied; and in a few pots the soil was held at the Medium (M) moisture 
during the second month of the plants’ growth. Pots in the Wet series 
^ere maintained at 34.5 lb. for 30 days after planting, increased to 35 lb. 
for the next 30 days, and after 60 days increased to 35.5 lb. In the Dry 
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soil-moisture level, saturated soil was allowed to dry out until weight of 
pot plus soil was 31 lb., which took about 5 days; the pots were maintained 
at 31 lb. for 30 days after planting, increased to 31.5 lb. for the next 30 
days, and after 60 days increased to 32 lb. Medium soil moisture was 
obtained by keeping the combined weight of pot plus soil at 32.5 lb. The 
percentage of soil moisture in the Wet series on an oven dry basis varied 
from 32 to 36 per cent as shown by testing samples taken from various pots, 
and from various parts of the soil within individual pots, at intervals 
during the course of the experiment. In the Medium moisture series the 
soil moisture varied from 29 to 33 per cent, and in the Dry series the 
variation was 24 to 30 per cent. Four moisture schedules were followed: 
(a) Eighteen plants in soil continuously Wet (WWW) ; (b) Eighteen 
plants in soil continuously Dry (DDD) ; (c) Twelve plants in soil that 
was Wet for 30 days, moderately moist (M) for the next 30 days, and Dry 
for the next 30 days (WMD); and (d) Twelve plants in soil with moisture 
conditions the reverse of ‘‘c'^ (DMW). Half of the pots in each of these 
4 schedules was filled with nematode-infested soil and the other half with 
fumigated soil. Pots were weighed daily and returned to desired weights 
by addition of water. Six plants, 3 growing in nematode-infested soil and 
3 growing in fumigated soil, were harvested at 30, 60, and 90 days after 
planting, respectively, from moisture schedules WWW and DDD. Sixty 
days after planting, and again at 90 days, 6 plants, 3 growing in infested 
soil and 3 growing in fumigated soil, were harvested from moisture 
schedules WMD and DMW, respectively (Table 3). 

Roots, tubers, and underground stolons were washed free of soil, and the 
tubers weighed. After macroscopic examination, the roots Avere discarded. 
Tubers next were examined, macroscopically and microscopically, for 
nematode infection; no infection was found on underground parts of 
plants grown in fumigated soil. Data are summarized in table 3. 

BesiUts 

Highest yields were obtained in continuously Wet (WWW) fumigated 
soil and lowest in infested Dry (DDD) soil, at both 60 and 90 days. Plants 
harvested at 30 days bore no tubers. At 60 days, yields in Dry soil were 
reduced 42 per cent, compared with an 85 per cent reduction in infested 
Dry soil and a 60 per cent reduction in infested Wet Soil. At 90 days 
there was little difference in yield in a fumigated Dry soil and a Wet soil 
infested with Heterodera marioni; in the Wet soil the nema reduced yields 
by 41 per cent and in the Dry soil the reduction was 48 per cent. The lower 
the soil moisture the greater the reduction in yield attributable to H. 
marioni. 

When the soil moisture was varied, results were not always so clear cut. 
In fumigated soil, moisture schedule DMW produced 24 per cent less tubers 
at 60 days than WMD and about the same as WMD at 90 days, but at 



486 


Phytopathology 


[VoL. 38 


neither date did either DMW or WMD produce the yield obtained in 
WWW soil. In infested soil there was little difference between yields, at 
60 or 90 days, in schedules WMD and DMW, and again neither produced 
the yields obtained in W'WW soil (infested or fumigated). To obtain 
greatest yields in the presence of Heterodera marioni it seems necessary 
to have the soil moisture as high as possible. 

Tubers were not attacked so severely as in experiment 1, possibly due 
to slightly lower air and soil temperatures. Infection was adequate, how¬ 
ever, to show that tubers grown in wet soil are attacked more severely by 
Heterodera marioni than tubers grown in dry soil (Table 3); for tubers 
of the same size, from wet and from dry soil, there were more and larger 
galls on the former. In contrast, more root galling was encountered in dry 
infested soil, which was thought to be due to infection by H. marioni. No 
counts of galls per root system were attempted. These findings confirm 
those obtained in experiment 1. 

Tubers produced in wet soil under field conditions usually have enlarged 
lenticels. In experiment 2 enlarged lenticels were found in fumigated and 
also in infested wet soil. Only by microscopic examination could the plant 
morphology, lenticel, lenticel-gall, or gall be determined with certainty. 
Freehand sections through the enlargements, killed and fixed in chrom- 
acetic acid and stained with osmic acid (2), sufficed to reveal the presence 
or absence of the nematode^. Lenticels seem to serve as avenues of entrance 
for larvae of Heterodera marioni, and it was easy to find larvae just beneath 
the cambial layer of enlarged lenticels, obviously recent ijifectioiis. Large 
galls that had been originally lenticels were also observed, with the 
nematode, in various stages of development, lying directly opposite the 
natural opening of the epidermis of the tuber. That enlarged lenticels 
serve as avenues of entrance for H. fnarioni has not been pointed out before. 
Enlarged lenticels on tubers produced in wet fumigated soil showed no 
nematodes, and at the time it was not possible to examine lenticels of normal 
size for nematode infection. 

DfSCUSSION 

These results are based on a relatively small number of plants in each 
series, but the nature of the research called for expending considerable 
time in handling the plants and a greater number, while desirable, was not 
possible. The method of adding water to the soil is open to criticism; each 
time water is added the wet soil condition is established locally, permitting 
the nematode and contaminating fungi to overcome any temporary limita¬ 
tions imposed by previous drought. Differences in soil moisture were 
obtained, however, the “wet^’ soil differed considerably from the “dry” 
soil, and to obtain these contrasts was the endeavor of the research. The 

* No substitute for the expensive osmic acid was found though much time was spent 
trjring alkannin, Sudan III, cotton blue, acid fuchsin, and scarlet R, the last 3 of which 
are recommended by Qoodey (3) for differentation of Heterodera marioni in root and 
stem tissue. They did not work in potato tuber tissue. 
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nematode Ileterodera marioni seems to injure potato tubers more in wet 
soil than in dry soil, certainly their sales value is lessened, but it also seems 
to cause less injury to roots in wet than in dry soil. Roots were galled 
severely, sometimes even rotted and decaying, in dry infested soil, whereas 
in wet infested soil the root systems seemed more capable of competing with 
the attacks of the nematode. It is well known that presence of moisture in 
the soil is an inducement to root formation. What are the relative speeds 
of root galling and new root formation in a wet soil and in a dry soil? If 
the nematode can attack and gall roots as soon as they are formed then the 
nematode will be dominant. If, however, a plant can produce roots faster 
than the nematode can attack them, the general picture will be one of a 
plant with functioning roots not suifering particularly from attack by H, 
marioni. Detailed research is needed, but the results obtained here indicate 
That in nematode infested soil, for good yields, the potato plant needs 
abundant soil moisture although galling is more severe and noticeable in 
wet soil than in drier soil. In dry soil the tuber galling is less than in wet 
soil but yields are low, probably lower than commercially desirable. 

The evidence presented here is not in agreement with the observation by 
Gross (4) that potatoes grown on land irrigated at frequent intervals had 
less tuber galling than potatoes irrigated less, but a comparison between 
the two locales is hardly justified because too many other factors are 
operating. In fact. Gross admits that controlled irrigation resulted in only 
a slight reduction in visible symptoms; even in the same location it was 
difficult to duplicate results. These present data tend to confirm field 
results of the 1937-38 potato growing season in the Hawaiian Islands, 
namely, galling of tubers is more severe when the soil is extremely wet 
than in years of normal precipitation. The difficulty experienced in 
separating an enlarged lenticel and a nematode gall, on tubers grown in 
wet soil, raises an interesting question. Were all of the “galls’’ on the 
tubers in the 1937-38 potato crop of the Hawaiian Islands actually due to 
attacks by H, marioni, or were some, possibly a majority, merely enlarged 
lenticels ? Regardless of their true nature, the tubers were of unsatisfactory 
appearance and growers were penalized and lost money thereby. 

SUMMARY 

Potatoes grown in H^,waii in 1937-38 were galled severely by the root- 
knot nematode, Heterodera marioni (Cornu) Goodey, in a growing season 
distinguished from others because of excessive rainfall which kept the soil 
wet for much of the growing season, December to April. 

Potatoes were grown experimentally in nematode-infested and in chloro- 
picrin-fumi gated soil of varying moisture content, wet soil in which the 
moisture probably fluctuated between 31 and 36 per cent, in dry soil with 
moisture content of 24 to 27 per cent, and in a soil of intermediate moisture 
content, 27 to 32 per cent. No claim is made that the moisture content w^as 
ever held constant, but it was controlled within certain limits. 
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The higher the soil moisture, the higher the tuber yields in fumigated 
as well as in infested soil, but the higher the soil moisture the greater the 
injury to tubers produced in an infested soil through galling caused by the 
parasite Heterodera marioni (Cornu) Goodey. In the presence of the 
nematode and in a dry soil, yields were lower than commercially profitable, 
therefore the soil moisture should be adequate if the root-knot nematode is 
present. Nematode damage to roots seemed to be greater in dry soil than 
in wet soil. 

Evidence was found that the root-knot nematode can enter potato tubers 
through enlarged lenticels, which are commonly observed on tubers grown 
in wet soil. This is believed to be the first time this type of infection has 
been found. No opportunity presented itself to study the possible entry of 
Heterodera marioni into tubers bearing normal lenticels. 

Watermelon and Grape Investigations Laboratory, 

Florida Agricultural Experiment Station, 

Leesburg, Florida. 
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INTERRELATION OF BEAN VIRUS 1 AND BEAN VIRUS 2 
AS SHOWN BY CROSS-PROTECTION TESTS 

Raymond G. Grogan and J. C. Walker 
(Accepted for publication February 12, 1948) 

Bean virus 1 and hean virus 2, the incitants of eommon mosaic and yel¬ 
low mosaic, respectively, of bean {Phaseolus vulgaris L.) have physical prop¬ 
erties which are practically identical (8). They differ primarily in host 
range, symptoms, and seed transmission. Bean virus 1 does not infect ordi¬ 
narily a considerable list of varieties of Phaseolus vulgaris while some 
strains of hean virus 2 infect all varieties tested so far. Bean virus 1 affects 
a narrower range of other legumes than does bean virus 2. In general the 
symptoms produced by bean virus 2 are different and often more severe than 
those produced by bean virus 1, Bean virus 1 is transmitted in bean seed. 
Bean virus 2 is not reported, so far, to be seed-borne. 

Inasmuch as the differences cited above are no greater than those now 
commonly recognized between strains of a single virus, the question arose as 
to whether these viruses should be regarded as distinct or as strains of a 
single virus. This question becomes the more pertinent since more than one 
strain of each virus has been observed. The present investigation was con¬ 
cerned with the cross-protection effect of one virus when inoculated in the 
bean plant in advance of the other. 

MATERIALS AND METHODS 

Stock cultures of bean virus 1 were maintained in Stringless Green Refu¬ 
gee plants grown from virus-free seed in the greenhouse. Bean virus 2 
was maintained in plants of Sensation Refugee 1066 also grown from seed in 
the greenhouse. Use of the latter variety practically eliminated the possi¬ 
bility of a mixture with bean virus 1 since it is highly resistant to thedatter 
virus. The greenhouses in which studies were conducted were kept free of 
insectvS by frequent fumigation and spraying. The experimental plants 
were grown at temperatures usually ranging from 24® to 28® C. In all in¬ 
stances, unless otherwise stated, inoculations were made by rubbing with 
carborundum as an abrasive. 

Bean virus 1 was obtained from infected seed material supplied by Dr. 
W. J. Zaumeyer. This virus caused leaf curling and mottle on susceptible 
varieties and occasionally caused the production of hydrotic or greasy pods. 
These symptoms agree with those reported by other workers for this virus 
(2, 4). On varieties possessing resistance derived from Corbett Refugee (1, 
7, 9, 10, 12), it caused systemic necrosis on young plants and symptoms of 
black root on plants in the pod stage (5, 6). The culture of bean virus 2 
used was secured from naturally infected plants in the vicinity of Madison, 
Wisconsin, and is believed to be similar to the strain used by Pierce (8). 
It was infectious to all varieties of bean tested. 
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Sensation Refugee 1066 and Idaho Refugee seed were supplied by Dr. 
M. E. Anderson of the Rogers Bros. Seed Co. Stringless Green Refugee 
seed was grown at Madison in isolated j)lots which were carefully rogued 
for common bean mosaic. 

Plants of Stringless Green Refugee, which is susceptible to both hean 
viruses 1 and 2, were used as test plants. The methods of conducting the 
cross-protection tests and methods of assay for the presence of the two 
viruses are described in connection with the presentation of the experimen¬ 
tal results. 

EXPERIMENTAL RESULTS 

Specific Protection Against Bean Virus 2 Produced by Bean Virus 1 

Cross-protection tests involving bean virus 1 and bean virus 2 were set 
up as follows. Each virus was inoculated to 24 Stringless Green Refugee 
bean plants. Nine days later when these plants had developed systemic 
symptoms, the hean-oints-Z-infected plants were inoculated with bean virus 2 
and the bean-virus-2‘mt(iQted plants were inoculated with bean virus 1. At 
the time of the second inoculation 10 healthy plants of the same age were 
inoculated (to serve as controls) with bean virus 1 and 10 with bean virus 2. 
Ten days after the second inoculation practically all plants of the control 
groups showed symptoms characteristic of common and yellow mosaic, re¬ 
spectively. Test plants which were first inoculated with bca^i virus 1 and 
later with bean virus 2 were evidently infected with the first virus only, 
since they showed none of the symptoms usually caused by bean virus 2. 
However, some test plants which received the reverse treatment (bean virus 
2 followed later by bean virus 1) had apparently become infected with bean 
virus 1 as evidenced by rolling and cupping of the young leaves, a charac¬ 
teristic symptom of commoxi mosaic. To determine the presence or absence 
of the two viruses in the test plants, leaves from each group of plants were 
ground separately in a sterile mortar and inoculations were made to four 
plants each of Stringless Green Refugee and Sensation Refugee 1066. Both 
viruses could infect the former, but Sensation Refugee is highly resistant to 
bean virus 1 and therefore only bean virus 2 would develop in plants of this 
variety. All Stringless Green Refugee plants inoculated with juice from 
the group inoculated with bean virus 1 alone, or with this virus first and 
bean virus 2 later, became infected with bean virus 1. Sensation Refugee 
plants inoculated with a part of the same juice remained symptomless ex¬ 
cept for an occasional plant which developed systemic necrosis caused by 
bean virus 1 (3). Stringless Green Refugee assay plants inoculated with 
juice from test plants inoculated with bean virus 2 first and bean virus 1 
later became infected with bean virus 1 in 13 of 24 cases. All Sensation 
Refugee plants inoculated with a portion of the same juice became infected 
with bean virus 2, This experiment was repeated three times with essen¬ 
tially the same results. 

Seed of Stringless Green Refugee was saved from plants of the group 
inoculated first with bean virus 2 and later with bean virus 1, and from con- 
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trol plants inoculated with bean virus 1 alone. This seed was planted in 
the greenhouse and observed for the occurrence of common mosaic in an at¬ 
tempt to determine the effect of bean virus 2 on the seed transmission of 
bean virus 1. Results (Table 1) show that when bean virus 2 became es¬ 
tablished in a plant it reduced the amount of seed transmission of bean virus 
1, However, since the number of seed used was small these results were 
considered as indicative but not conclusive. 

In an experiment conducted in the same way as the one just described, 
except that the second inoculations were made 6 days instead of 9 days after 
the first, practically no cross-protection occurred. This raised the question 
as to how long each virus must be present in the plants before one protected 
completely against the other. An experiment was set up in which the sec¬ 
ond inoculations were made 6, 8, 10, 12, and 14 days, respectively, after the 
first. Eight plants were used for each inoculation interval and for each 
virus the same number of healthy plants of the same age were inoculated to 
serve as controls. An assay was made as described in the previous experi- 

TABLE 1 .—The effect of bean virus 2 on seed transmission of bean virus 1 


History of 

Seed 

Total 

Plants infected 

with bean vims 1 

seed plsmts 

Planted 

Plants 

N umber 

Percentage 


No. 

No. 



Inoculated with bean 





vims 2 followed by 
bean vims 1 ... 

19 

16 

3 

19 

Inoculated only with 





bean vims 1 

36 

20 

12 

60 


ment. When plants inoculated with bean virus 1 were inoculated with bean 
virus 2 6 and 8 days later, very little protection occurred, but when inocu¬ 
lations were made at 10, 12, and 14 days no development of yellow mosaic 
occurred. Bean virus 2 protected against bean virus 1 completely at 12 and 
14 days. Bean virus 2, therefore, required a slightly longer period than did 
bean virus 1 to protect against the opposite virus. 

As reported elsewhere (3), when plants of varieties in which resistance 
to bean virus 1 had been derived from Corbett Refugee were inoculated with 
bean virus 1 through approach grafts to Stringless Green Refugee, they 
showed necrosis and death characteristic of black root. Since bean virus 2 
protected against bean virus 1 in other tests, it was of interest to determine 
whether it could protect against necrosis caused by bean virus 1 if the String- 
less Green Refugee portions of the grafts were inoculated with bean virus 2 
before they were inoculated with bean virus 1, Approach grafts were made 
between healthy Stringless Green Refugee and Idaho Refugee plants. Thir¬ 
teen grafts were inoculated with bean virus 2 and 13 were left noninocu- 
lated. Nine days later, when yellow mosaic symptoms had developed in 
both parts of the 13 grafts inoculated with bean virus 2, they were inocu¬ 
lated with bean virus 1, The 13 grafts which were not inoculated with bean 
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virus 2 were treated as follows: seven were inoculated with hean virus 1, 
three with hean virus 2, and three were left noninoculated. Results of these 
inoculations are presented in table 2. The Idaho Refugee portion of five 
grafts inoculated with hean virus 1 alone died within a short time after in¬ 
oculation. Twelve of 13 grafts which had been inoculated with hean 
virus 2 before being inoculated with hean virus 1 developed a mottle typical 
of yellow bean mosaic but did not become necrotic, and at maturity no root 
necrosis was evident. 

TABLE 2 .—The prevention of systemic necrosis caused by bean virus 1 in Idaho 
'Refugee plants by earlier inoculations with bean virus 2 


TreatiiuMit 


Total grafts 


drafts wlii(‘h be(*anie necrotic 


Percent age 


Inoculated with bean virus 2 
followed by bean virus 1 

ten days later. 13 1 7.7 

Inoculated with bean virus 1 
at time of second inocula¬ 
tion above . 7 5 71.4 

Inoculated with bean virus 2 

at same time as above .3 0 0.0 

Noninoculated . 3 0 0.0 


DISCUSSION 

Most studies of cross protection are based on local-lesion-mottle tests. 
However, such a reaction is not necessary for a successful immunity test. 
Pound and Walker (11) state where two related viruses'have a differen¬ 
tial reaction on any host their ability to immunize plants against each other 
can be tested in any plant in which they develop systemically. ’ ’ The cor¬ 
rectness of this statement is borne out by this study with hean viruses 1 
and 2 which do not develop local lesions on any host in so far as known, but 
which lend themselves readily to tests for specific immunity because of their 
differential reactions on certain bean varieties. It was assumed that if one 
of the viruses by earlier inoculation could prevent the development of the 
second virus to such an extent that it could not be recovered by inoculation 
back to a susceptible variety, that specific immunity had developed. On 
this basis, it has been shown in this study that specific immunity was devel¬ 
oped by hean virus 1 to hean virus 2 and vice versa. Plants of Idaho Refu¬ 
gee infected with hean virus 2 and inoculated with hean virus 1 by approach 
graft with Stringless Green Refugee became necrotic in one out of 13 cases 
while in plants not previously infected with hean virus 2 five out of seven 
became necrotic when infected with hean virus 1. Limited evidence was 
presented which indicates that hean virus 2 caused a reduction in the amount 
of seed transmission of bean virus 1. 

P.Tevious workers have shown that hean virus 1 and hean virus 2 do not 
differ appreciably in dilution end point, thermal inactivation, and longevity 





1948] 


Grogan and Walker: Bean Virxjses 


493 


in vitro. The only points of dilference are in symptoms produced, seed 
transmission, and host range. The fact that they effectively cross-protect 
against each other in bean is further evidence that they are closely re¬ 
lated viruses. 


SUMMARY 

By the use of the differential reaction to hean virus 1 and heart virus 2 in 
Strmgless Green Refugee and Sensation Refugee 1066 bean varieties, the 
former virus was shown to effectively immunize l)eans against infection with 
the latter and likewise hean virus 2 was shown to partially or entirely im¬ 
munize beans against hean virus t. Bean virus 2 also reduced the amount 
of seed transmission of heart virus 1 and reduced the amount of systemic 
necrosis caused by hean virus 1 on certain resistant varieties. In view of 
the facts that they are very similar in dilution end point, thermal inactiva¬ 
tion, longevity in vitro and that they protect against one another in bean, 
they are regarded as closely related viruses. The chief differences are in 
host range and in the fact that hean virus 1 is transmitted in bean seed while 
bean virus 2 is not. 

Department of Plant Pathology, 

University of Wisconsin, 

Madison, Wisconsin. 
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THE GENERIC AND SPECIFIC CHARACTERS OF PHYTOPATHO 
GENIC SPECIES OF PSEUDOMONAS AND XANTHOMONAS 

Walter H. Burkholderi and Mortimer P. Starry 
(Accepted for publication February 12, 1948) 

Many of the descriptions of the bacterial plant pathogens, especially of 
those forms occurring in the genera now known as Pseudomonas and Xan- 
thomonas, have appeared identical except for the characteristic of patho¬ 
genicity. Consequently, it has been impossible to identify these bacteria 
successfully by means of the usual procedures of the bacteriological labora¬ 
tory, and the question has arisen whether or not there are numerous syno¬ 
nyms present. The differences in pathogenicity possibly preclude this sup¬ 
position and, where careful comparisons have been made, relatively few 
synonyms have been shown to exist among the phytopathogenic bacteria. 
One might argue that there are a limited number of true species among the 
phytopathogenic bacteria in these genera, and that a great many formae 
speciales exist, if one prefers to use this mycological term. This is probably 
not the entire story either, and, in order to investigate this question, we 
have taken, as our working hypothesis, the belief that where there is a true 
difference in pathogenic ability, some other type of difference should be 
demonstrable—be it cultural, biochemical, metabolic, serological, or of some 
other category. We do not infer that such differences necessarily explain 
the differences in pathogenicity. 

*One of the reasons for the many identical descriptions in these genera is 
tlie failure of the investigator to recognize which bacteriological characters 
are generic, and which are specific. Only too frequently, the descriptions 
of many bacterial plant pathogens offer only generic characters. We are 
referring to the general run of descriptions that on the surface appear ade¬ 
quate, not to the large list of named plant pathogens that has been placed 
in appendices of Bergey’s ‘‘Manual of Determinative Bacteriology,’’ be¬ 
cause the described characters of these are too few and too confused for one 
to be certain of the species. In the present paper, the writers are endeavor¬ 
ing to point out what characters are generic, and what characters might be 
used in separating the phytopathogenic species for the genera Pseudomonas 
and Xanthomonas. 

In making this report, we are not proposing a final scheme and key to 
the species, nor do we consider the minutiae of our results absolutely con¬ 
clusive since there was not available, in all cases, a sufficient number of iso¬ 
lates to assure statistical validity. However, the results do indicate means 
of distinguishing some of the bacteria, and, what is perhaps more important, 
point the way toward the likelihood that further study will uncover addi¬ 
tional means of separation. 

1 Department of Plant Pathology, Cornell University, Ithaca, New York. 

2 Division of Bacteriology, University of California, Davis, California. 
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METHODS 

The cultures which were studied represent a collection which was asseiflf- 
bled over the years for a variety of purposes (20, 22, 23). In the majority 
of cases, they are cultures which the writers isolated and proved patho¬ 
genic at the time of isolation. In some instances, the bacteria were received 
from other investigators, who were working with those species, and whose 
identifications we had reason to consider authentic. 

The search for specific differences at times involves the trial of techniques 
and criteria which are not at present in routine use for this group of bac¬ 
teria. The experimental methods used in the present investigation to sepa¬ 
rate species of phytopathogenic bacteria are now given. 

Tolerance of sodium chloride. Salt-tolerance of phytopathogenic bac¬ 
teria has received comparatively little systematic study. In some cases, the 
NaCl-tolerance of individual species is included in the descriptions, but the 
conditions under which this characteristic was determined varied with the 
laboratory to an extent which prohibits comparison of the results given by 
different workers. In the present study, the following procedure was used. 
A scries of salt broths was prepared using as a base 0 3 per cent of Bacto 
yeast extract and 0.5 per cent Bacto tryptose in distilled water, with the 
NaCl concentration ranging from 1 to 10 per cent in one per cent steps. 
The reaction after autoclaving was pll 7.0 to brom thymol blue and the 
media were used before evaporation took place. In order to avoid variations 
in salt-tolerance which occur as a function of the age of the bacterial cells 
being tested (2, 14) uniform loopsfnl of 48-hour-old cultures in yeast ex- 
tract-tryptose broth without added NaCl were used as inoculum. The tur¬ 
bidity that developed in the several salt concentrations, and in the control 
medium without added salt, was examined visually every day for a week 
and, in the case of a few slow-growing organisms, for two weeks. 

Tyrosinase activity. Some phytopathogenic bacteria color the ordinary 
peptone media.brown. Certain species are especially active in this respect 
(3, 4, 5,15,16,17) and the suggestion has been made that the brown colora¬ 
tion be used as a taxonomic character or as an aid in isolating actively 
browning bacterial species from infected plants. Other than such inciden¬ 
tal observations, little attention has been devoted to the problem; nor have 
adequate explanations been offered of the mechanisms whereby phytopatho¬ 
genic bacteria produce these colorations. Indeed, there is a tendency to 
assume, without direct experimental evidence, that any browning of culture 
media is a ‘‘tyrosinase reaction”—actually an oxidation and polymerization 
of the amino acid t3n’Osine to dark melanin pigments. 

Tyrosinase tests of Pseudomonas isolates were made in a liquid aspara- 
gin-glycerol-tyrosine medium prepared by omitting agar from the formula 
given by Starr (19). The Xanthomonas species were tested in liquid media 
prepared by adding 0.05 per cent tyrosine to a solution (20) which satisfies 
the minimal nutritive requirements of each species. The tyrosine medium 
and a tyrosine-free control medium were inoculated from young agar slant 
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cultures and incubated at 28° C. Cultures were observed periodically 
for growth and for pigmentations of the medium. A culture was con¬ 
sidered tyrosinase-positive if it grew in both media, and produced, only 
in the tyrosine medium, a red color which eventually became dark brown. 

Some of the cultures were tested, also, on an agar tyrosine medium (19). 
In general, the cultures which browned the liquid medium also browned the 
agar medium. In addition, a number of strains which appeared tyrosinase- 
negative in the liquid medium were able to make distinct red-to-brown col¬ 
orations of the agar medium. Inasmuch as these differences cannot at this 
time be explained, and since the results in liquid media show promise of 
utility in determinative bacteriology, the data obtained from experiments in 
solid media will not now be presented in full or discussed further. 

Liquefaction of sodium ammonium pedate. The ability of phytopatho- 
genic bacteria to decompose peetic substances has never been systematically 
studied. The scattered literature reports experiments with a variety of ill- 
defined ‘‘pectin” preparations, and it is likely that some of the workers in 
this field had not realized the heterogeneous nature of pectic substances or of 
peetic enzymes (12, 13). Following Jones^ pioneer study (11), the soft- 
rotting of fresh tubers and fleshy roots has been considered by many investi¬ 
gators as synonymous with pectinolytic activity, although this supposition 
is not always proved. One of the reasons for the lack of knowledge in this 
field has been the unavailability of pectic substances which lend themselves 
to routine microbiological use. A preparation of sodium ammonium pec- 
tate has recently become available,® which, with the addition of a calcium 
salt, can be made into media similar to gelatin and can be sterilized by auto¬ 
claving. The properties and use of this material are given by Baier and 
Manchester (1) and by Starr (21). We have prepared media of this pec- 
tate, with and without the addition of peptone or yeast extract, and have 
cultured phytopathogenic bacteria in these media. If the pectate is utilized, 
a liquefaction takes place. We do not claim, however, that organisms that 
liquefy this medium are necessarily able to attack the pectic substances of 
the middle lamella of all plant cells. 

Utilization of sodium tartrate. The utilization of sodium tartrate as the 
sole carbon source had been shown, in preliminary experiments, to be of 
some differential value for the phytopathogenic species of Pseudomonas. 
Observations on a more extensive series of bacteria are now reported. The 
sodium tartrate was supplied at a concentration of 0.15 per cent in the syn¬ 
thetic medium of the “Manual of Methods for Pure Culture Study of Bac¬ 
teria” (7). This medium was seeded heavily, incubated, and examined for 
growth and alkali production at intervals up to 2 weeks. These experi¬ 
ments are reported with the realization that possible growth factor deficien¬ 
cies and toxicity of the tartrate were not controlled, and that “failure to 
grow” may actually result from one of these factors rather than from un¬ 
suitability of tartrate as carbon source. On the other hand, as will be seen 

3 Product 24 of California Fruit Growers Exchange, Ontario, California. 
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below, the medium, when used as specified herein, does give results of dif¬ 
ferential value. 

Reduction of nitrates. The reduction of nitrates to nitrites has been 
used extensively in the past with varying results. Before attempting to 
employ this reaction one should read Conn’s suggestions (8) and avoid the 
many pitfalls he lists. In the present investigation, the bacteria were grown 
from large inocula in the synthetic nitrate medium described in the “Manual 
of Methods for Pure Culture Study of Bacteria” (7). Tests were made at 
the end of 2 days and at various times up to 2 weeks, for both nitrites and 
nitrates using the reagents recommended in the manual. The experiment 
was repeated three times. The species also were grown in beef extract-pep¬ 
tone medium plus KNO.i and tested for nitrites. This latter medium is 
not so reliable as the synthetic medium because in many cases where a re¬ 
duction was readily demonstrated in the synthetic medium it was not dem¬ 
onstrated in the beef extract-peptone broth. The latter medium, however, 
supported better growth. One series of tests also was made for ammonia 
in the synthetic solution where the Pseudomonas species were being grown, 
but the only positive reaction obtained was with P. caryophylli. 

pseudomonas 

The genus. The phytopathogenic members of Pseudomonas have been 
characterized in Bergey’s “Manual of Determinative Bacteriology,” but a 
description of this group is desirable at this point in order to indicate the 
generic characteristics of the plant pathogens. A member of this genus is a 
medium-sized rod, Gram-negative, with 1-6 polar flagella, and without 
spores. It turns milk alkaline; produces no indol nor H 2 S; utilizes mono¬ 
saccharides but not as a rule the higher carbohydrates with the exception of 
sucrose. Starch is not hydrolyzed. Most species can utilize natural as¬ 
paragine as the sole carbon and nitrogen source. These bacteria are aerobic, 
or facultatively anaerobic with optimum temperatures at 27°-30° C. The 
species remain viable on beef extract-peptone agar for many months but 
not on potato-dextrose agar. 

The species. What characters can be used to separate the species in the 
genus Pseudomonas? At present, not many have been studied, but those 
which are known should be stressed, and tests to determine them in all in¬ 
stances should be carefully conducted. Clara (6) pointed out that the 
plant pathogens in the genus Pseudomonas could be separated into two 
groups; those that can utilize sucrose and those that cannot. The character 
appears to be a reliable one and, since many of the species of Pseudomonas 
grow readily in a simple synthetic solution, it can be determined easily. 
Where a growth factor is required it may be added, but unless purified 
chemicals and glassware are used it will probably not be necessary. Fil¬ 
tered sugars are recommended. 

Gelatin liquefaction is a second specific character of importance on which 
the genus may be subdivided and is one usually recognized. It is easily 
determined, and as a rule is used in all descriptions. 
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The ability to reduce nitrates to nitrites, aminonia or nitrogen, while it 
had not been neglected with these pathogens, had rarely been very carefully 
determined. It is thought by certain investigators that all the Pseudomonas 
species reduce nitrates, but our work does not entirely substantiate this be¬ 
lief. However, some of the pathogens that have been described as non-re¬ 
ducers have been shown in this investigation actually to possess this ability. 

The following species were found by us to be able to reduce nitrates to 
nitrites: Pseudomonas aceris, P. alliicola [5],^ P. angulata [3], P. apii [2], 
P. aptata, P. atrofaciens [2], P. barkeri, P. berberidis [2], P. caryophylli 
[2], P. deljjhinii [2], P. glycinea [3], P. lachrymans, P. lapsa, P. mori [3], 
P. papulans, P. savastanoi var. fraxini, P. syringae [11], P. tabaci [9], P. 
tomato [3], P. tonelliana, P. viridilividay P. washingtonia. 

Pseudomonas striafaciens and P. viburni [2] gave very weak nitrite reac¬ 
tions, but no nitrites were detected in the tubes of any of the remaining cul¬ 
tures which were used for this and most of the other experiments described 
herein: Pseudomonas cichorii, P. coronafaciens [2], P. maculicola, P, mar- 
ginata [2], P. mellea, P. phaseolicola [5], P. pisi [2], P. primulae, P. ribi- 
cola [3], P. ribes [2], P. sesami [2], and P. woodsii [2]. 

Of the phytopathogenic pseudomonads tested, there was growth in the 
tartrate medium only of Pseudomonas aceris, P. alliicolay P. aptata, P. bar- 
keriy P. caryophylli, P. cichori, P. mmginata, P. mellea, P. pisi, P. tabaci, 
P. viridilivida, and P. washingtonia. 

In the tyrosine medium, about half of the tested phytopathogenic Pseu¬ 
domonas species produces a definite brown pigment, which more often turns 
an olive-green when it combines with the water-soluble green pigment so fre¬ 
quently produced by members of this group. These tyrosinase-positive 
species are: P. alliicola^ P. angulata, P. apii, P. barkeri, P, berberidis, P. 
coronafaciens, P. delphinii, P. maculicola, P. papulans, P. primulae, P. 
ribicola, P. savastanoi var. fraxini, P. tabaci, and P. viridiflava. Four spe¬ 
cies, Pseudomonas pisi, P. savastanoi, P. sesami, and P. tomato, also pro¬ 
duced this coloration but to a lesser extent. The other pseudomonads failed 
to produce the red-to-brown coloration under the conditions specified in the 
section on ‘‘Methods”; although many of these cultures made brown pig¬ 
ment from tyrosine under other testing conditions (18). It is noteworthy 
that P. caryophylli produces its typical brown cell-pigment regardless of the 
addition of tyrosine to the medium. 

The common saprophyte of this genus. Pseudomonas fluorescens, is usu¬ 
ally reported as lipolytic, but most of the phytopathogens are “not lipo¬ 
lytic” by the spirit blue agar method.® The reaction of some of these has 
been determined (22), and aids in classifying these bacteria. 

4 Numerals in brackets indicate the number of isolates of a particular species which 
was used by us, when more than one was available. 

5 ' ‘ Lipolytic ’ * is used here in the limited sense in which it was employed by Starr 
and Burkholder (22) ; that is, on the basis of the blue reaction shown in the spirit blue- 
cottonseed oil-agar method. A 'Mipolytic’* reaction on this medium probably indicates 
hydrolysis of the cottonseed oil, with liberation and accumulation of certain fatty acids 
that cause the spirit blue indicator to become blue. Some fat-hydrolyzing, oxidative 
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The Pseudomonas species which were tested do not liquefy the pectate 
medium. This is especially interesting in the case of P. alUicola, that causes 
a soft-rot of onion. Presumably this species possesses other pectic enzymes 
than the one which attacks the pectate of this medium, or it is able to induce 
the rot by some other means. 

The NaCl-tolerance of phytopathogenic pseudomonads may, in some 
eases, be used as a determinative character, although generally the differ¬ 
ences between species are not great. Some species (e.g., P. hcrheridis, P. 
solanacearum, P. viburni, and P. woodsii) are characteristically inhibited by 
as little as 2 per cent NaCl. On the other hand, two cultures, one each of 
P. marginata and P. viridilivida, required 10 per cent salt to completely 
inhibit growth; these data, however, should be checked with additional 
isolates. 

There are but few other properties that can be used as determinative 
characters in this group. Milk, as stated above, always turns alkaline, but 
certain species clear it, whereas others do not. The production of a water- 
soluble green pigment in certain media is a fairly common, but by no means 
universal, propert^L Non-pigment-forming strains have been reported in 
species ordinarily forming the pigment. Like all identifications based on 
pigmentation, there are limitations to its use. 

xanthomonas 

The genus. Members of the genus Xanthomonas (9) are readily recog¬ 
nized by their abundant, slimy, yellow growth on sugar-containing media. 
The yellow pigment is a water-insoluble material having the properties of a 
carotenoid and a maximum absorption in ethanol at about 445 m^i (19). 
All xanthomonads are aerobic, gram-negative, non-spore-forming, small 
rods, motile with a single polar flagellum. They are proteolytic, liquefying 
gelatin and peptonizing milk with, as a rule, the deposition of tyrosine crys¬ 
tals in the latter. They form hydrogen sulfide, but not indol; most of them 
give the ‘‘lipolytic’’ reaction'^ on spirit blue-cottonseed oil agar (22) ; they 
form acid, but not gas, from a variety of carbohydrates; their minimal nu¬ 
tritive requirements are relatively simple (20), yet they are unable to use 
asparagine as the sole source of both carbon and nitrogen (23) ; they are not 
particularly tolerant of sodium chloride, the growth of many of them being 
retarded by only 2 or 3 per cent of NaCl, and all of them fail to grow in a 
5 per cent NaCl medium; they remain viable on potato-dextrose agar or on 
yeast extract-dextrose-CaCOs agar, but die off early when cultured on sugar- 
free beef-peptone or on yeast extract agar media. 

The species. Unequivocal identification, by laboratory procedures, of 
all Xanthomonas species is as yet an impossibility. From published descrip- 

bacteria may so completely decompose the cottonseed oil, that the fatty acids are de- 

f raded beyond the point where they can effect a permanent color change of the indicator. 

uch a thorough decomposition of cottonseed oil would, perhaps, not be recognized by the 
spirit blue-agar technique, and fat-splitting organisms capable of this typo of decomposi¬ 
tion might be classed as not ‘lipolytic’’ by the spirit blue-agar procedure. 
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tions, many of the named species seem identical in cultural characteristics 
and appear to differ only in that they had been isolated from some particu¬ 
lar host. Since the cross-inoculation tests reported in the original descrip¬ 
tions of many of these species have been narrow in scope or entirely lacking 
and later tests are scattered through the literature, the idea is prevalent 
that a great number of synonyms exist in this genus. Probably, there is 
some synonymy; however, at least one fairly comprehensive series of cross¬ 
inoculation experiments has been carried out (24, 25), wherein 17 species and 
varieties of Xanthomonas were shown to be completely specific in their 
pathogenicity. 

Let us see in how far bacteriological tests help distinguish Xanthomonas 
isolates which originate from different hosts. The ability to hydrolyze 
starch divides the genus into two groups. A few of the species are not 
lipolytic® on spirit blue-cottonseed oil agar. A recent study of the nutrition 
of this genus (20) shows that at least three species have distinctive nutri¬ 
tive requirements which, after more study and when used with suitable 
precautions, might be employed as determinative characters. 

Some exceptional xanthomonads reduce nitrates to nitrites; in our own 
experience® nitrate-reduction to nitrite was observed for the 2 isolates of 
Xanthomonas harhareae, for 2 of the 4 tested X. hegoniae, for the single 
cultures of X. cncurhitae and X, lactucae-scariolac, for the 2 X. papaverico- 
la, and for about half of the X. geranii and X. pclargonii isolates. In addi¬ 
tion, 2 species which we do not believe belong in this genus, X. heticola and 
X. ruhrilineans, are strong nitrate-reducers. Because of the existence in 
some species of strains differing in their reactions to this test, it should be 
use^ with caution for determinative purposes. Furthermore, as noted above 
we do not consider all our results necessarily valid for taxonomic purposes 
because of the limited number of isolates of some sjiecies. We do wish to 
indicate that only a minority of Xanthomonas species are able to reduce 
nitrates to nitrites, and that strain differences are sometimes seen. 

Our trials with the pectate medium show that about a half of the tested 
Xa7tthomonas species was able to liquify this medium; viz., X. harhareae, X. 
campestris, X. carotae, X. geranii, X. incanae, X. lespedezae, X, manihotis, 
X. papavericola, X. pelargonii, X. phaseoli var. sojensis, X. taraxaci (weak 
or doubtful), X. vascularum, X. vesicatoria from tomato, X. vesicatoria var. 
7'aphani, and X. vignicola. Generally, the pectate was liquified more slowly 
by the xanthomonads than by soft-rot Erwinia species. The ability to lique¬ 
fy pectate was not correlated in any apparent manner with a capacity to 
digest starch, nor with any particular pattern of disease symptomatology. 

6 The following Xanthomonas cultures were used in most of our investigations (the 
figure in brackets indicates the number of isolates generally used, when more than one 
was tested) : Xanthomonas harbareae [2]; X. begoniae [2]; X. beticola [2]; X. campes¬ 
tris [5]; X. campestris var. armoraciae; X. carotae; X. corylina [3]; X. cucurbitae; X. 
geranii [3]; X. hederae; X. incanae; X. juglandis f4]; X. lespedezae [2]; X. m^va- 
vearum [2]; X. manihotis \7]; X. papavericola [2]; X. pelargonii [2]; X. phaseoli var. 
fyscans [3]; X. phaseoli var. sojensis [4]; X. pruni [4]; X. rubrilineans; X. taraxaci; 
X. translucens including 5 formae speciales [8]; X. vascularum; X. vesicatoria [4] from 
tomato and [6] from pepper; X. vesicatoria var. raphani; X. vignicola [2]; and X. 
vitians, 
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Only three of the Xanthomonas species which we tested are characteris¬ 
tically tyrosinase-positive, producing in tyrosine-containing media red colors 
which soon become brown. X, phaseoli var. fuscans is most active in this 
respect; X, geranii and JST. pelargonii also give this reaction, whereas the 
other Xanthomonas species are incapable of producing the red-to-brown col¬ 
oration under the conditions specified in the section on ‘‘Methods.” How¬ 
ever, some additional cultures do produce red-to-brown reactions under 
other conditions (18). 

The tolerance of the genus Xanthomonas for sodium chloride is not 
great. As noted above, no xanthomonad grows in 5 per cent NaCl broth.^ 
Several species grow in 4 per cent salt broth; many grow in 3 per cent. 
X. pruni is probably the most sensitive species, the growth being retarded 
by 1 per cent NaCl and inhibited completely by 2 per cent. This charac¬ 
teristic seems stable enough for determinative purposes; indeed, the uni¬ 
formity of results for the replicate isolates of a given species was rather 
surprising in view of the diverse origins of the cultures. 

Another promising approach to this problem is provided by the recent 
work of Elrod and Braun (10) with agglutination reactions, using antigens 
low in slime concentration. They were able to group Xanthomonas species 
into several categories, thus aiding identification on some subgeneric level. 

SUMMARY 

The majority of phytopathogenic bacteria are now grouped in the gen¬ 
era Pseudomonas and Xanthomonas. The descriptions of many of the spe¬ 
cies, unfortunately, have offered mainly characteristics of use only in iden¬ 
tifying the genus to which they belong; consequently it is often impossible 
to key out, by means of the usual bacteriological procedures, the species of 
these two genera. In the present paper, we have endeavored to point 
out those cultural and biochemical properties that are useful in characteriz¬ 
ing the genera of phytopathogenic Pseudomonas and Xanthomonas. For 
determining the species, there are presented reactions that have proved 
useful in the past, as well as experimental work on the utilization of pectate 
and tartrate, production of a brown pigment from tyrosine, and the ability 
to grow in the presence of various concentrations of sodium chloride. 

Cornell University, 

Ithaca, New York, 

AND 

University of California, 

Davis, California. 

7 Incidentally, this characteristic affords another method for distinguishing the corn- 
wilt bacterium. Bacterium stewartii, from xanthomonads; the corn-wilt organism gencr- 
erally grows in the presence of 6 or 7 per cent of salt, at which level no Xanthomonas 
species develops. 
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PHYTOPATHOLOGICAL NOTES 


Pellicularia Target Spot Leaf Disease of Kenaf and Roselle} —^Kenaf, 
Hibiscus canndbinus L., was introduced to the Tingo Maria zone of Peru in 
1943 as one of the first fiber plants brought in for adaptability trial by the 
Estacion Experimental Agricola de Tingo Maria (now named Estacion 
Central de Colonizacion en Tingo Maria). The 1943 planting and subse¬ 
quent plantings during 1944 and 1945 were small and were made primarily 
for obtaining seed to maintain the selection. In 1946 larger scale trials 
were started in response to the need for a domestic grown fiber for bags. 
The 1946 plantings were successful and in general disease-free. The success 
of these plantings resulted in an area increase in 1947 to allow sufficient pro¬ 
duction of fiber for a commercial test of its uses in Peru. No disease problems 
were apparent until just before harvest. At that time small, occasionally 
zonate leaf spots characterized by a red halo were observed. Within a few 
weeks the infestation was general through the planting and during the 
closing weeks of the wet season (April) the large zonate spots (Fig. 1, A, and 
B) were present on almost every leaf. On the upper side of the leaf (Pig. 
], A) the spots have the typical zonate formation bordered by a brilliant 
red halo. On the under side of the leaf the zonate character is less distinct 
and the red halo almost completely lacking (Pig. 1, B). Characteristically 
a cobwebby growth of mycelium is found 5-10 mm. in advance of the necrotic 
zonate areas. Observations indicate that infections occur primarily on 
young leaves and develop as the leaves grow. 

Tissue isolations from advancing margins of the leaf spots uniformly 
yield a species of Rhizocionia. On the older portions of the spots, especially 
against the veins, fruiting of a species of Pellicularia may occasionally be 
found. This species of Pellicidaria has spores averaging 3.4-4.3 x 6.8-8.5/i 
and under present concepts of this genus is referable to P. filamentosa (Pat.) 
Rogers.^ 

The first introductions of roselle, Hibiscus sabdariffa L., were made in 
1947 about the time the disease had become widespread on the kenaf. The 
roselle was not planted near the kenaf but was in close proximity to nursery 
beds of rubber heavily infected with a similar leaf spot also caused by a 
strain of Pellicularia filamentosa}^^ These plants were almost at once 
attacked by P. filamentosa, which causes a leaf spot on them, and were 

1A contribution from the Estacion Central de Colonizacion en Tingo Maria, Pern, a 
technical agricultural service organization for the Orient of Peru, operated jointly by the 
Direccion de Colonizacidn y Asuntos Orientalcs, Ministry of Agriculture of Peru and by 
the Office of Foreign Agricultural Reliitions, U. S. Department of Agriculture. This study 
was made possible by funds provided through the U. S. Interdepartmental Committee on 
Scientific and Cultural Cooperation and funds from the Peruvian Government. 

2 Rogers, Donald P. The genus PeUicularia (Thelephoraceae) Farlowia 1: 95-118. 
1943. 

sKotila, John E. Rhizoctonia foliage disease of Hevea brasiliensis. Phytopath. 
36: 739-741. 1945. 

Lorenz, Rolland C. A new leaf disease of Hevea in Peru. Journal of Forestry 
(In press). 
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severely retarded in growth. Microscopically the Pellicularia stage appears 
identical with that on kenaf and is indistinguishable from the Rhizoctonia 
stage isolated from the leaf tissue. Symptoms of the disease on the leaves 
are almost identical (Fig. 1, B and C). Rhizoctonia has been reported on 
roselle in El Salvador^ causing stem canker but is probably not a manifesta¬ 
tion of this same disease. Insofar as can be determined, the diseases herein 
reported have not previously been described either in Peru or elsewhere on 
kenaf or roselle. 

Okra, H, esculent us L., another member of the genus Hibiscus, is grown 
in close proximity to the kenaf but thus far has remained free of the disease. 

In addition to the leaf disease on rubber previously mentioned, web-blight 
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Fig. 1. A. Pellicularia target spot disease on upper surface of leaves of kenaf. 
B. Lower surfaces of same leaves showing cobwebby mycelial growth. C. Similar 
disease on upper surface of roselle leaves. D. Lower surface of same leaves showing 
mycelial growth. 

of beans,® heretofore not observed in this zone, made its appearance in the 
experimental fields of the Station about the same time as the disease on 
kenaf. This disease is also caused by Pellicularia filamentosa.^ 

Artificial inoculation with spores has not been possible since thus far none 
have been produced in culture and naturally produced spores are not 

sBeinking, O. A. Diseases of Roselle fiber plants in El Salvador. IJ. S. Bureau 
of Plant Industry, Plant Disease Reporter 29: 411-414. 1945. 

• Weber, George P. Web-blight, a disease of beans caused by Corticium micro- 
sclerotia. Phytopath. 29: 559-575. 1939. 
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sufficiently abundant to allow their use. It has, however, been possible to use 
infected leaves and agar cultures of the Bhizoctonia stage for cross inocula¬ 
tions. In these cross inoculation trials the strain of Pellicularia filamentosa 
from beans was included since the leaf symptoms were similar, but primarily 
as a fungus control on the inoculation method. 

Leaves of roselle and rubber with active lesions were placed in contact 
with young leaves of these hosts and kenaf, and a disease with similar 
symptoms developed on rubber and roselle but not on kenaf. In another 
trial, a leaf spot developed on roselle, kenaf, and rubber when infected 
material from rubber was used as the source of inoculum. 

Agar cultures of the Rhizoctonia stages from the disease on kenaf, roselle, 
beans, and rubber were subsequently used to inoculate 4 leaves each by 
placing agar blocks of mycelium between the lower surfaces of two leaves 
and clamping them together. With this method the isolate from kenaf 
successfully produced the disease in 4 of the 4 inoculations on rubber, in 
4 of the 4 inoculations on kenaf, and in 2 of the 4 inoculations on roselle. 
The isolate from roselle produced the disease only on 4 of the 4 leaves of 
roselle, the rubber isolate produced the disease only on rubber. The isolate 
from beans produced typical target spots of more virulent type than the 
natural spots in all 4 of the inoculated leaves of kenaf, roselle, and rubber. 
Although not entirely conclusive, these preliminary inoculations indicate 
that the target spot leaf diseases of rubber, kenaf, roselle, and web-blight 
of beans are apparently all manifestations of disease produced by the same or 
slightly different strains of Pellicularia filamentosa. Check inoculations on 
all hosts using sterile agar blocks resulted in no infections and no injury 
to the leaves. 

The disease on the present kenaf crop does not appear to have seriously 
affected fiber production. Infected roselle plants developed much slower 
than healthy individuals. During the dry season the disease is still in 
evidence but its intensity is much reduced. Roselle and kenaf, if grown dur¬ 
ing the wet season, may need spray protection at least during the first stages 
of growth.— ^Bowen S. Crandall, Pathologist, Office of Foreign Agricultural 
Relations, United States Department of Agriculture, and Technical Chief, 
Department of Plant Pathology and Entomology, Estacidn Central de Colon- 
izaeion en Tingo Maria, Peru. 

Physalis angulata, a Test Plant for the Potato Leafroll Virus. —A 
study of potato leafroll was handicapped by the fact that a suitable 
test plant was not available which could be grown easily and which 
would show distinct symptoms of the disease. 

The potato plant is not suitable for studying some phases of the leaf- 
roll problem. It is propagated vegetatively and hence each tuber used 
for the experiments must be checked to ascertain that it is not already 
harboring the virus. Pdtato plants are relatively large and occupy much 
valuable space in the greenhouse. The symptoms of leafroll often are 
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slow to develop or are masked, and often it is necessary to grow the 
progeny of the test plants the following year before the results of the 
inoculation studies can be obtained. 

These handicaps in studying the leafroll virus were eliminated by 
using Physails angidata L. as the test plant. This plant is propagated 
from true seed which readily germinate without requiring a long rest 
period. It is rather small and easily grown in small pots in the green¬ 
house and it is a good host plant for the different potato aphids. Fur¬ 
thermore, the symptoms of the leafroll disease become apparent on the 
the test plant about 10 days after the plants have been inoculated. This 
plant shows distinct symptoms of the leafroll disease when inoculated 

r • , 

I 



Fig. 1. A. Left, healthy Physalis mgulata control. Bight, P. angulata with leaf- 
roll transmitted by Mysus pcrsicae (Siilz.) from diseased Katahdin potato plant. B. 
Small plant covered with plastic cage after being inoculated with aphids. 


with viruliferous aphids, the infected plants becoming dwarfed with 
chlorotic and rolled leaves (Fig. 1, A). 

The plants used for the leafroll studies are grown in 4-ineh pots in 
the greenhouse and are inoculated with aphids when from 2 to 3 inches 
high. The viruliferous aphids are transferred to the test plants with 
a camers-hair brush. Plastic cages are fitted over the inoculated plants 
and the aphids are allowed to feed about 5 days (Fig. 1, B). The cages 
are then removed and the aphids killed by fumigation. The plants are 
examined for leafroll symptoms from 10 to 20 days after they are 
inoculated. 

The use of Physalis angulata as a test plant has materially shortened 
the time necessary for making inoculation experiments with the leafroll 
virus and has been useful in studying certain phases of the aphid-leaf- 



1948] 


Phytopathological Notes 


507 


roll relationship. The studies indicate that although certain non-sola- 
naceous wild plants normally serve as breeding hosts for the potato 
aphids, they apparently do not harbor the leafroll virus. Infested po¬ 
tato plants in the growers’ seed stocks appear to be the chief source of in¬ 
fection. 

The studies confirmed the data obtained with the potato, that the 
peach aphirl, Myzus persicae (Sulz.), is the chief vector of potato leaf- 
r )11 in Maitij. The potato aphid, Macrosiphum solanifoUi (Ashm.), and 
the buckthorn aphid, Aphis ahhreviata Patch, did not readily transmit 
the leafroll virus to Physalis angulata. 

It was shown that leafroll can be transmitted by a single viruliferous 
peach aphid inoculating the Physalis plants. However, often no infec¬ 
tion resulted when single aphids were used. About 75 per cent of the 
plants became infected when five viruliferous aphids were used to inocu¬ 
late each Physalis plant. 

The virus was transmitted by all of the nymphal stages of the peach 
aphid, and the younger aphids (first and second instars) transmitted the 
disease as readily as did the mature apterous aphids. 

Winged aphids are very numerous in Maine during late summer 
when they are migrating from the potato fields. It was assumed that 
these aphids are very important factors in the dissemination of the leaf- 
roll virus. The data showed that less than 0.1 per cent of the winged 
migrating peach aphids were viruliferous when tested on Physalis angu¬ 
lata, About 24 per cent of the winged peach aphids were viruliferous 
when it was known they had fed on potato plants which had the leaf- 
roll disease. 

The leafroll virus was readily transmitted from infected Physalis 
plants to healthy Katahdin potato plants by the peach aphid, and typi¬ 
cal symptoms of the disease resulted. —Charles Hovey, formerly of the 
Maine Agricultural Experiment Station, and Reiner Bonde, Maine Agri¬ 
cultural Experiment Station, Orono, Maine. 




YELLOWS AND NECROTIC RING SPOT OP SOUR CHERRIES 
IN ONTARIO: INOCULATION EXPERIMENTS' 

G. H. Berkeley and R. S. Willison 
(Accepted for publication, February 10, 1948) 

In 1939 Keitt and Clayton (4) reported that the disease of sour cherries, 
previously known in Wisconsin as physiological yellow leaf, was graft-trans¬ 
missible and therefore of virus origin. They proposed renaming the 
disease cherry yellows (5). Two years later, 1941, experimental evidence 
was obtained in Ontario, that the so-called physiological yellow leaf long 
pl*evalent in that Province was also caused by a virus and could be trans¬ 
mitted to Montmorency cherry and to peach by budding. Comparison of 
symptoms on sour cherry left little doubt that the Ontario disease was 
cherry yellows. 

A second disorder of sour cherries, now called necrotic ring spot (1), 
has also been present in Ontario for many years, though not recognized 
until 1939. In 1940 this disease was shown to be a virosis when typical 
symptoms were expressed on Montmorency and a variety of Duke cherry as a 
result of inoculation by budding from affected trees. 

Both these diseases have been found widespread in sour cherry orchards 
in Ontario and are often responsible for considerable reduction in yield. 
The present paper is a report on certain phases of the investigations of these 
two diseases, carried out over the last seven years. 

SYMPTOMS ON MONTMORENCY 

Cherry yellows. In Ontario, diagnostic foliar symptoms usually ap¬ 
pear, about three or four weeks after petal fall, as a mottling of the leaves 
with chlorosis between the veins or as a more or less complete yellowing, de¬ 
pending on the severity of symptom expression. In general, the tissue 
along the larger veins retains its green color after the interveinal portions 
have turned yelloAv (Fig. 1, A). Soon after the color change, the affected 
leaves drop, though in some seasons it is not uncommon for green leaves 
also to be cast. In some cases comparatively slight casting of leaves occurs, 
while in others the defoliation is so severe that the ground is literally 
covered with leaves. Environmental factors, especially the temperatures 
prevailing during leaf development, as shown by Moore and Keitt (7) and 
Mills (6), play an important role in determining the amount of defoliation. 

There is generally but one wave of defoliation of any consequence in 
Ontario, usually in mid-June. Some yellowing and casting of leaves may 
occur later in the season but this is not common and is very limited in 
amount and duration. Diagnosis of cherry yellows in an orchard is there¬ 
fore restricted to a period of from one to two weeks after symptoms first 
appear. 

1 Contribution No. 923 from the. Division of Botany and Plant Pathology, Science 
Service, Department of Agriculture, Ottawa, Canada. 
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Fig. 1. A. Symptoms of cherry yellows on Montmorency, showing retention of green 
color around veins. B and C. Symptoms of necrotic ring spot on Montmorency showing 
ring spot (B) and shot hole (C) stages. 
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In addition to causing leaf symptoms, yellows also affects fruiting habit 
and growth. The spur systems of affected trees in time become greatly 
reduced, and with them the crop, though the fruit itself is of good quality 
and often larger than that on healthy trees. There is also a tendency for 
lateral leaf buds either to grow into shoots or, more often, to fail to develop. 
The ultimate effect is heavy leaf growth towards the tips of the branches 
and excessive lengths of barren wood back of the tips. Growth of this type 
causes the branches to droop, giving a “weeping’’ effect. This character¬ 
istic alone is not regarded as a reliable criterion of yellows infection as it 
also may result from bud weakening or failure from other causes. 

Yellows is not a lethal disease. Trees known to have been infected with 
yellows for several years still produce reasonably satisfactory crops. 

Necrotic ring spot. The first and most striking symptom of necrotic 
ring spot is delayed foliation, which may be confined to a few branches only 
or may be more or less general throughout the tree. That is, at the time 
the first leaves on healthy trees are fully expanded, those on affected trees 
or branches may be partially unfolded or only just emerging from the bud 
(Fig. 2, B). If the first unfolding leaves on affected branches are examined 
carefully, numerous fine translucent to brownish spots, ares, or rings having 
an etched appearance are evident (Fig. 1, B). Sometimes concentric rings 
are present. The surface of such leaves is rough and their margins are 
wavy, giving the leaves a crinkled appearance. In the earliest stages, the 
markings are seen best in reflected light. Later, chlorotic and necrotic 
areas develop, the necrotic tissue falls out, leaving the leaves “shot holed” 
or tattered, depending on the location and amount of necrotic tissue (Fig. 
1, C). Often the tip, margin, and much of the lamina become wholly or 
partially necrotic. The remaining tissue is normal in color, though t]^e 
leaves themselves tend to be considerably smaller and rounder than normal. 
Severely affected leaves are frequently cast but may persist throughout the 
season. The etched markings, if they do not become necrotic, tend to dis¬ 
appear. 

Symptoms similar to those on the leaves also appear on the sepals. The 
blossoms may be almost sessile or have more or less shortened pedicels. 

It is characteristic of necrotic ring spot that diagnostic symptoms are 
apparent only at the beginning of the growing season. A tree severely 
affected in May or early June may appear to be healthy later in the same 
season, and, moreover, hasi few or no symptoms in the second and succeeding 
3 "ears. However, if infection was localized in a few branches the first year, 
other branches of the same tree may be severely affected the next spring. 
In affected trees, with few exceptions, the severe or shock symptoms of 
necrotic ring spot are not recurrent, though mildly etched rings and mark¬ 
ings are found frequently in any season on the first formed leaves. After 
the initial shock symptoms have developed, there is a tendency for the 
foliage to become less dense, so that the tree has a more open appearance 
than normal. 
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FiO. 2. A. Symptoms on peach inoculated with cherry yellows vims • loft ,iio Ko„i, 
and ro^tte on pej^h seedlings, right, rosette symptoms wldW.’ 11 ’ c^t K 
above inserted yellows bud. B. Delayed foliation from necrotic rinir snot Mool 
moreney (left) in comparison with healthy branch (right). K P t on Mont- 
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TRANSMISSION EXPERIMENTS 

Materials and Methods 

To obtain sources of infective material, several orchards were surveyed 
twice annually, in early spring and in mid-June, to locate cases of necrotic 
ring spot and cherry yellows, respectively. At each survey, branches, from 
which bud sticks were to be taken later, were marked on selected trees show¬ 
ing symptoms of the required disease. For obvious reasons, the selections 
were divided into three categories: (i) trees in which only symptoms of 
necrotic ring spot were observed; (ii) trees showing symptoms of yellows 
but not of necrotic ring spot during the period of the surveys; and (iii) 
trees known to be infected with both diseases. In most cases, the orchards 
had been under observation for at least two years before bud sticks were cut. 
All inoculations were made outdoors by the budding method. 

Tho range of differential hosts included Primus persica (L.), var. El- 
berta and liochester, and seedlings; P. domestica (L.), var. Italian prune 
and Lombard plum; and P. cerasus (L.) var. Montmorency. One- or two- 

TABLE 1.— Numbers of sources from which cherry yellows and necrotic ring spot 
viruses were transferred to the several hosts 


Cherry yellows N(».'»rotic ring spot 


Peach 

Rochester . ... 

Elberta . 

seedling .. . 

Italian prune 

Lombard plum . 

Montmorency cherry 


year-old nursery trees of the named varieties were used in most of the ex¬ 
periments. For the first trial, the nursery trees prior to inoculation were 
kept under observation for indications of previous infection. For subse¬ 
quent experiments, selected variety cions were indexed to determine their 
freedom from virus infection, propagated on appropriate root stocks and 
inoculated as nursery stock, usually one year old. In one experiment, the 
double budding technique was employed with a healthy cion of Mont¬ 
morency. That is, one or more buds from a diseased source were inserted 
in a P. mahalei seedling, and above these a bud from the healthy cion. 
Inoculation of named varieties was carried out in duplicate. The peach 
seedlings were inoculated, in quintuplicate series, late in the first season 
of growth. Two seedlings in each series were cut back to the inserted 
diseased bud early the next spring, while the remaining three were left 
intact. 

* The numbers of different sources of each virus used on the various 
hosts are listed in table 1. In a number of instances, individual sources 
were used in successive experiments, but these duplications are not indi¬ 
cated in the table. 



Host 
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Results 

In the several series of experiments, which were carried out over a 
period of four years, the results obtained with any one host were remark¬ 
ably consistent. Consequently, to avoid unnecessary repetition, symptoms 
appearing on the different hosts can be described without reference to 
individual experiments. These are described in some detail below, and 
compared in table 2 with symptoms of prune dwarf. 


TABLE 2.— Comparison of symptoms of cherry yellows^ necrotic ring spot, and prune 
dwarf observed on different hosts after inoculation by budding 


Benc h varieties and seedUngsa . Montmorency 


Symptoms 


A 



B 


Lombard 

plum 


cherry 



NRS»> 

(^Y 

BD 

NR8 

CY 

PD 

NRS CY PD 

NRS 

(^Y 

PD 

Shock symptoms 
Delayed 
foliation 


0 

0 

1-3 

1-3 

0-1 

0 

0 

0 

1 

1 

1 

Die-back . 

0 

0 

0 

1-3 

1-3 

0 

0 

0 

0 

0 

0 

0 

Bark necrosis, 
splitting or 
roughening 

0? 

0? 

0? 

1-3 

1-3 

0-1 

0 

0 

0 

0 

0 

0 

Chlorotic rings 
and mottle . 

0-1 

0-1 

0-1 

1-2 

1-2 

0-1 

0 

0 

0 

0-1 

0-1 

0-1 

Etched rings 
or markings .. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1-2 

1-2 

1 

Necrotic spot¬ 
ting or fleck¬ 
ing . 

0 

0 

0 

S, F 

S,F 

0 

F 

F 

0 

S,F 

S, F 

S,F 

Chronic symptoms 
Wavy margins ... 

0 

1 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

Strap-shaped, 
pebbled leaves 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

Shortened 

internodes .... 

0 

1-3 

1-3 

0 

1-3 

1-3 

0 

0 

0 

0 

0 

0 

Yellowing and 
leaf casting 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1-3 

0 

Recovery . . . 

R 

r 

r 

R 

Rr 

r 

R 

R 

0 

R 

R 

R 


“Varieties and seedlings in group A were cut back to the inserted bud; tho e in 
group B were not cut back. 

h NRS denotes necrotic ring spot virus; CY, the cherry yellows virus; and PT) the 
prune dwarf virus. 

«0 denotes no symptoms; 1, slight symptoms; 2, moderate symptoms; and 3, severe 
symptoms. F denotes decking; S, spotting; R, recovery from shock symptoms; and r, 
partial recovery from chronic symptoms. 

Symptoms on peach varieties and seedlings 

Necrotic ring spot. On peaches inoculated with necrotic ring spot 
virus but not cut back to the bud, the first symptom to appear in the 
following spring was a pronounced delay in foliation, followed by varying 
degrees of die-back. In many cases, partial emergence of leaves occurred 
before the branch succumbed; in others, die-back took place before bud 
movement. Occasionally, two-year-old trees, as well as seedlings, were 
killed. The earlier formed leaves on the surviving branches frequently. 
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but not always, showed chlorotic spots or rings, often followed by necrosis. 
These markings tended to be confined to the basal portion of the lamina. 
A consistent symptom on one- or two-year-old trees and on the larger seed¬ 
lings was bark necrosis resulting in a ‘‘rough bark^^ condition, or even in 
bark splitting, on trunks and scaffold branches. Surviving trees soon 
outgrew the non-permanent shock symptoms and appeared to develop 
normally later in the season except that growth was sometimes slightly 
less vigorous than in healthy trees of the same age. Shortening of 
internodes or rosetting of shoots was not observed. The shock symptoms 
did not recur in the second and subsequent seasons, though repeated tests 
demonstrated that uifected trees continued to carry the virus after apparent 
recovery. 

When seedling peach trees were cut back to the inserted diseased bud, 
they displayed no shock symptoms and proceeded to develop in a more or 
less normal manner. In other words, in such trees the disease passed 
directly into the chronic stage without going through the acute stage. 

Cherry yellows. If they were not cut back, peach trees or seedlings 
inoculated with the virus by buds from Montmorency trees affected with 
yellows exhibited shock symptoms similar to, if not identical with, those 
induced by necrotic ring spot virus. This reaction occurred whether or 
not the virus of necrotic ring spot was known to be present in the source 
trees. On the other hand, instead of recovering, all the peach trees so far 
inoculated with yellows have produced shoots with shortened internodes. 
The virus from different sources, however, caused varying degrees of 
dwarfing, so that, with some, the internodes were only moderately shortened 
but, with others, were so reduced that the leaves were bunched together 
in loose rosettes. Variation in dwarfing arising from differences in the 
varietal reaction of - the host have been of minor importance. 

When peach seedlings were cut back after inoculation with yellows 
they also escaped the initial shock symptoms but showed the chronic 
dwarfing phase of the disease (Pig. 2, A). 

Symptoms on plums 

Necrotic ring spot. On both Italian prune and Lombard plum, the 
necrotic ring spot virus from six different sources induced varying amounts 
of small necrotic spots or fiecks on the unfolding leaves, in the spring 
after inoculation. Jn one case, however, this symptom appeared in Septem¬ 
ber after budding in August. The necrosis was usually mild, but some¬ 
times was severe enough to give a scorched appearance to the affected 
leaves. The trees soon outgrew this condition, so that the leaves formed 
later in the season were normal. There was no recurrence of symptoms in 
succeeding seasons. 

Cherry yellows. The cherry yellows virus from six different sources 
when transferred either to Italian prune or to Lombard plum caused a 
similar necrotic spotting of the unfolding leaves at the beginning of the 
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first growing season after budding. As with trees inoculated with the 
necrotic ring spot virus, these also soon outgrew the shock symptoms, but, 
in the second season, branches above the bud insertion produced spindly, 
stunted shoots bearing roughened or pebbled strap-shaped leaves like 
those associated with prune dwarf, caused by Prunus virus 6. The ‘ ‘ prune 
dwarfsymptoms have increased somewhat in quantity in succeeding 
years, though spread through the tree has been slow. At time of writing, 
trees inoculated four years before have only a few branches showing 
symptoms of this type. Similar results have been observed in Italian 
prune and Lombard plum inoculated with the milder strains of the prune 
dwarf virus. 

Symptoms on sour cherry 

Necrotic ring spot. To date, in these experiments, the necrotic ring 
spot virus is known, from subsequent expression of symptoms, to Jiave been 
transmitted to Montmorency cherry from only three sources. In eacii 
case, the etched and chlorotic rings and spots, and the necrosis typical of 
this disease but milder than that observed in nature, were obtained the 
year following budding. Later the trees appeared to become normal except 
for a tendency to general thinness of foliage. No symptoms of cherry 
yellows have been observed on these trees. 

Cherry yellows. Cherry yellows virus from eight different sources 
induced in Montmorency cherries symptoms similar to those associated 
with, the necrotic ring spot virosis. Either later in the same season or 
, not until the second season after budding, typical symptoms of yellows 
developed. The amount of yellow leaf and defoliation varied considerably 
from tree to tree. 


DISCUSSION 

The differential reaction of peaches and Italian prune and Lombard 
plum to infection with the necrotic ring spot and cherry yellows viruses 
indicates that these hosts are of considerable value in the diagnosis of 
these diseases. 

It is interesting to note that the symptoms resulting from inoculation 
with the necrotic ring spot virus are of the same general type, namely 
necrosis, whether peach, Italian prune, Lombard plum, or Montmorency 
cherry be used as hosts. Moreover, the sequence of symptoms is similar, 
namely shock or acute symptoms followed by recovery. That is, chronic 
symptoms are lacking except for the mild, inconspicuous ones which some¬ 
times recur in Montmorency. 

On the other hand, cherry yellows on the same hosts has not only an 
acute phase, as expressed by shock symptoms resembling those of necrotic 
ring spot, but also a chronic phase, characterized on Montmorency by 
yellow leaf and leaf casting; on Italian prune and Lombard plum by 
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symptoms of the prune dwarf type; and on peach by shortened internodes 
or rosetting. 

In considering the problem raised by the fact that, in its acute phase, 
cherry yellows on three hosts is indistinguishable from necrotic ring spot, 
it should be borne in mind that the latter disease is caused by a virus entity 
distinct from that causing the chronic symptoms of yellows. This conclu¬ 
sion is based on observation of symptom expression on naturally infected 
Montmorency trees in the orchard as well as on the differential reaction 
of peach, Lombard plum, and Italian prune to the two viruses. The con¬ 
stant association of the ‘‘necrotic ring spot’’ phase with yellows infection 
suggests, however, that cherry yellows, if not caused by a single virus, may 
be caused by a virus complex of which the necrotic ring spot virus is one 
component. 

There remains to be discussed the possible relationship between the 
cherry yellows and prune dwarf viruses, since the cherry yellows virus 
from six sources produced symptoms on Italian prune, Lombard plum, 
and peaches that are indistinguishable from those associated with prune 
dwarf caused by Prunus vims 6 on these hosts (3). This similarity of 
symptoms would suggest some close affinity between the causal viruses 
(Table 2). That they are not identical is indicated by the inability of the 
prune dwarf virus to produce either yellows on Montmorency or typical 
shock symptoms on peach and plum (2, 8). Accordingly, there would appear 
to be at least three possible explanations for the similarity and differences 
in the symptom expression of cherry yellows and prune dwarf: 

(1) that the two diseases, though having some symptoms in common, 
are caused by two distinct virus entities; 

(2) that three viruses are involved: one, probably the necrotic ring 
spot virus, responsible for the acute symptoms; one, the yellows virus, 
responsible for yellows symptoms on Montmorency and the prune-dwarf- 
like reaction on peach and plum; and one, the prune dwarf virus responsi¬ 
ble for prune dwarf itself; 

(3) that cherry yellows is caused by a complex, the components of 
which are the prune dwarf and necrotic ring spot viruses. 

At the present time, the third explanation appears to be the most 
tenable as it is not probable, though admittedly possible, that two unre¬ 
lated viruses cause, on the same hosts, symptoms so striking and unusual 
as those of prune dwarf on Italian prune and Lombard plum. Also, it is 
not necessary to postulate the existence of a second virus with the apparent 
characteristics of the necrotic ring spot virus. The evidence now available 
is not yet sufiScient to decide the point, but experiments designed to supply 
the deficiency are now in progress. 

The effect on symptom expression of cutting peaches back to the in¬ 
serted buds in the spring following budding, as indicated in another 
connection by Willison and Berkeley (9), is regarded as being due to the 
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fact that the virosis does not become systemic on peach until after growth 
starts in the spring. According to this theory, acute symptoms are ex¬ 
pressed if infection of the embryonic tissue occurs after differentiation, 
but only chronic symptoms appear when the embryonic tissues become 
infected before differentiation. Thus cutting back would remove the 
upper, non-infected buds and force the growth of adventitious shoots from 
previously infected tissue in the proximity of the inserted bud. Conse¬ 
quently the shock symptoms of either yellows or necrotic ring spot would 
appear only on peach seedlings not cut back after inoculation, and seedlings 
that were cut back would appear to develop normally if inoculated with 
the virus of necrotic ring spot, or express only the chronic symptoms if 
inoculated with yellows virus. 


SUMMARY 

1. The symptoms of necrotic ring spot and of cherry yellows, two 
viroses common on sour cherry in Ontario, have been described. 

2. Inoculation experiments have demonstrated that necrotic ring spot 
has a short acute phase of the same general type on sour cherry, peach, 
Italian prune, and Lombard plum and a chronic phase characterized by 
the absence of symptoms on peach and plum, and frequently on sour 
cherry, on which, however, mild symptoms occur occasionally. 

3. The acute phase of cherry yellows is strikingly similar to that of 
necrotic ring spot. The chronic phase on sour cherry is characterized 
by yellowing and casting of leaves in early summer; and on peach and plum, 
by symptoms simulating those of prune dwarf. 

4. The possible relationships between the causal viruses of necrotic ring 
spot, cherry yellows, and prune dwarf are pointed out. 

Dominion Laboratory of Plant Pathology, 

St. Catharines, Ontario, Canada. 
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A ROOT ROT DISEASE-COMPLEX OP SMALL GRAINS IN 

VIRGINIA^ 

Wilbert A. Jenkins 
(Accepted for publication February 10, 1948) 

A disease of small grains, herein shown to be one of the root rot disease- 
complexes, has been responsible for rather severe losses in Virginia over 
the past 6 years. Highest losses have been observed during late fall and 
early spring in plantings" of wheat, barley, and oats. These losses have 
formerly been rather consistently attributed to winter injury, drouth in¬ 
jury, or to some more or less obscure phase of foot rot and Helmintho- 
sporium blight. In several instances, hasty diagnoses have attributed the 
trouble to insect injury within the crown of affected plants. 

Investigations on root rot disease-complexes of tobacco under way at 
this Laboratory since 1942 have definitely proved the meadow nematode 
group to be the basic factor in certain root troubles of tobacco and have 
contributed materially to a better understanding of similar troubles of 
small grains.^ 

SUSCEPTS 

Though wheat, barley, and oats are the more important of the gramina¬ 
ceous crops cultivated in this area and have therefore received the most 
attention in this study, identical disease symptoms have also been ob¬ 
served on numerous wild and cultivated grasses in this area. Informa¬ 
tion is also at hand indicating that numerous crop plants other than Grami- 
neae may be suscepts. Most prominent among these are tobacco and 
several legumes. 

SYMPTOMATOLOGY 

When viewed in the late fall and early spring, small grains affected 
with the root rot disease-complex under consideration appear unthrifty 
and pale in color when seen from a distance. More or less bare patches 
are evident throughout the field (Pig. 1, A, B). On closer approach, in¬ 
dividual plants over fairly large areas are seen to be stunted or in vary¬ 
ing stages of death. Plants typically affected fail to tiller. The older 
leaves on affected plants have varying color patterns ranging from pale 
green through bronzing to lemon yellow. Often many dead leaves are to 
be found about the crowns of such plants (Pig. 2, A, B). Moderately 
and severely affected plants are generally “heaved’^ from the soil during 
periods of freezing and thawing, but it is not unusual for such plants to 
be uprooted in advance of freezing weather in the fall or following such 
weather in early spring. Stand losses ranging from 70 to 90 per cent 

1 Published with the approval of the Director, Virginia Agricultural Experiment 
Station, as Scientific Paper No. 136 from the Section of Botany and Plant Pathology. 

2 Jenkins, Wilbert A. Root rot disease-complexes of tobacco with reference to the 
meadow nematode; a preliminary report. IT. S. Dept. Agr., PI. Dis. Reptr. 28: 395-397. 
1944. 
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have been sustained on certain legume-small grain-tobacco rotation plats 
at this Laboratory, though field losses in general are considerably less. 
We have no reliable information on the loss in yield. 



Fio. 1. Field views of small grain fields affected with root rot disease-complex. 
A. Patterns of destruction within a wheat field; B. Stunting and killing within a barley 
field. 


When individual diseased plants are examined closely, a portion to all 
of the following symptoms are prominent on the above-ground parts. The 
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older leaves vary from pale green to lemon yellow, and some are eom- 
pletely dead. Some of the leaves are almost severed from the plants, the 



Fig. 2. Close-up view of diseased plants. A. Wheat; B. Barley. 

impression being that they have been chewed off at or near the basal at¬ 
tachment. -Such leaves readily fall from the. plants when the supporting 
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soil is removed from about the base. The bases of such leaves present a 
frayed appearance due to the persistence of the larger vascular elements 
and quite often, particularly when the soil is moist, pronounced water- 
soaking occurs in and adjacent to the frayed portions. Severely injured 
plants often fail to produce seed heads. The inflorescence often fails to 
emerge from the boot and when it does, the grain is likely to be poorly 
developed. 

Considerable root mutilation is evident in thoroughly washed root sys¬ 
tems of affected plants examined under low magnification (Fig. 3, A). 
All stages between apparently healthy roots and badly mutilated roots can 
be found depending on the specimen at hand. The earliest indication of 
root disease is the presence of watersoaked lesions within the cortical tis¬ 
sues. These lesions rapidly change color, becoming pale yellow to tawny 



Fig. 3. Photomierographic views of diseased portions’ of wheat. A. Extent of 
mutilation (girdling) of feeder roots; B. Parasitic nemas on and within the leaf tissues 
of crown; C. Parasitic nema adjacent to a girdle on a feeder root. Note the proximity 
of many girdles to young and old lateral roots. Boots fixed in Flemming's strong 
fixative. All photomicrographs x 72 (approximately). 

colored as the disease progresses. In time the lesions assume a darker 
color, attended by a loosening of the cortex and slipping of segments of 
the cortical tissues in a collar-like or sleeve-like fashion. The underlying 
stele is various shades of yellow to almost brown in the areas where the 
cortex is loosened. It is not unusual to find many roots from which all 
cortical tissues have sloughed off leaving only the woody cylinder. 

An examination of thoroughly washed plants, particularly in the crown 
area, reveals considerable mutilation of leaf liases and young buds. Nema¬ 
todes may be seen embedded within the leaf tissues when the leaves are 
stripped from the plants and subjected to microscopic examination. A 
more accurate picture of infestation may be had by clearing the leaf tissue 
in warm lacto-phenol and staining lightly with acid fuchsin. 

When the crown tissues are separated under suitable conditions and 
examined under a binocular (dissecting) microscope, many nematodes 
may be found outside the leaf tissues, but within the folds of the inter- 
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folded leaves (Fig. 3, B). Preparations for this examination may be made 

(1) placing? the crown in a preparation dish with a suitable amount of 
water and teasing the tissues apart under a dissecting microscope or (2) 
slicing through the crown with a sharp scalpel and then teasing the tissues 
apart. These preparations may be cleared in lacto-phenol and stained 
with warm acid fuchsiii. Such preparations leave no doubt as to the feed¬ 
ing habits of the nematodes. 

etiology 

Several different nematodes generally are associated with the symptoms 
described above, the dominant types varying in a large measure with the 
locality from which the specimens are taken and also with the portion of 
the plant under examination. 

In the vicinity of Chatham and from several locations in the Winches¬ 
ter area of Virginia, the crowns and leaves of small grains are heavily 
infested with Panagrolaimus siibelongafus (Cobb) Thorne and Parophc- 
lenchus paendoparictimiH (Microletsky) Microletsky. According to Stei¬ 
ner, these two nematodes are usually associated with the type of disease 
under discussion and P. pseudoparietinvs particularly appears to be a 
form with decided preferences for graminaceous hosts. In private cor¬ 
respondence under date of March 31, 1945, Steiner states, “We formerly 
thought this species an extremely rare one, but find it now everywhere we 
have opportunity to examine stems, leaves, and seed heads of cereals and 
grasses. ^ ’ 

The roots of diseased small grains in the above mentioned areas are 
heavily infested with a Ditylenchus sp. (exact determination not made by 
Steiner) closely related to the stem and bulb nematode, and Pratylenchus 
spp., among the latter being P. pratensis (de Man) Filipjev. In some 
fields Ditylenchus predominates, while in others Pratylenchus is dominant. 
These are the.nemas which mutilate the feeder roots, thereby initiating a 
series of more or less complex physiologic and morphologic host reactions 
which culminate in the state herein designated root rot disease-complex 
(Pig. 3, C). 

During the very early stages of infestation, when the roots show only 
inconspicuous, watersoaked lesions, no microorganisms can be isolated by 
bacteriologic techniques—or if cultures are obtained the inconsistency 
factor is too high to admit the presence of bacterial or fungus parasites. 
On the other hand, either of the following techniques always demonstrates 
the presence of nematodes within the lesions. To demonstrate living nemas 
in situ, the lesions may be teased apart within a limited quantity of water 
in a Petri or preparation dish under a dissecting microscope. Such roots 
should first be thoroughly washed in moderately cool water in order to 
cleanse the roots of any nemas which may be feeding or otherwise attached 
to the exterior surface of the roots. In order that the thoroughness of 
the cleansing may be checked, the roots which are to be dissected should 
bo examined closely under a dissecting microscope, following the washing 
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process. If nemas are found in the water outside the roots, the cleansing 
process should be repeated until no traces of nemas are to be found outside 
the roots. With such a technique the degree of nema infestation cannot be 
determined but the method insures the observer against working with free 
living nemas which may also be in the environment. If the degree of in¬ 
festation of roots is to be considered, and no reason is at hand for keeping 
the nemas alive, another much more rapid method of determination may be 
used. This method consists of the early stages of the technique just de¬ 
scribed, but instead of teasing the lesions apart, the roots containing them 
are placed in a small quantity of water (just enough water to cover the 
mass) in a 50-ml. beaker and heated to a temperature just below the boil¬ 
ing point of water. For practical purposes, this point may be assumed to 
have been reached when the water begins to send up air bubbles freely, but 
before the water actually boils. While cooling, the beaker should be placed 
on an uneven surface so that the nemas which have emerged ^from the 
lesions during the gradual rise in temperature of the water will be concen¬ 
trated in a given area on the bottom of the beaker. From this area they 
can very easily be removed for examination by a small bore i)ipette and 
placed in a preparation dish for examination. Individual nemas may be 
removed with the aid of a pipette, bamboo splint, or a sharpened broom- 
straw, and placed on a slide for a permanent preparation. A very weak 
formalin solution makes an excellent mounting medium. Glass wool fibers 
should be placed within the medium in order to prevent crushing the 
specimen by the cover glass and each preparation should be sealed with 
wax in order to prevent it from drying out. 

Other associates of root rot complex of small grains, including fungus 
and bacterial associations, are not specific. With care, any fungus or bac¬ 
terial form known to be in the rhizosphere may be isolated from badly 
mutilated or decaying roots of diseased plants, depending on the moisture 
content and soil temperature relations during and just preceding the 
period of examination. As stated earlier, these bacterial and fungus asso¬ 
ciates are secondary and under our conditions they will not produce symp¬ 
toms typical of the disease in the absence of the nemas. 

FIELD OBSERVATIONS 

Specimens of diseased small grains have been sent to this Laboratory 
frequently during the past 5 years. This has afforded an opportunity to 
evaluate the root rot disease-complex situation over a fairly wide area of 
the State. Since much of the small grain grown locally is planted as a 
fallow crop and therefore not harvested, our principal interest has been 
to determine if any correlation exists between the incidence and severity 
of disease in the fallow crop and that of the following tobacco crop. Con¬ 
siderable time has also been spent in an effort to determine from field 
observations if any correlation exists between soil type, seed treatments, 
and fertilizer practices (particularly the rate and frequency of applica- 
fion of lime and nitrogen) and the incidence and severity of disease. 
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The tobacco growers usually are not particularly interested in the 
welfare of the fallow crop and since the grain growers have an established 
program of treatments and rotations, it has been extremely difficult to 
obtain a productive type of cooperation in the field. The program of soil 
treatment on a cooperative basis is too recent to yield reliable data. 

Under our conditions, root rot disease-complex of small grains is more 
severe on lighter soils. In a sense, such a situation is to be expected as 
such soils are usually included in a small grain-tobacco rotation, thus 
affording a year-around source of food for the nematodes. On those farms 
planted predominantly to small grains, the general build-up of disease 
appears to be more gradual. 

Field observations also indicate that the severity of tlie root rot 
disease-complex may be influenced by seed treatment. The mercury com¬ 
pounds, in general, lend to reduce the inciclence and severity of the dis¬ 
ease more than do tliose. treatments containing no mercury. 

Our most recent field observations on fertilizer practices were made 
on a farm containing 150 acres of wheat and 75 acres of barley. In those 
fields which had not been limed within a 2-y(*ar period, root rot disease- 
complex was severe. Fields that had not been limed within the same period, 
but had received heavy applications of phosphate, were moderately at¬ 
tacked; while fields of both barley and wheat that had been heavily limed 
the preceding year were only slightly affected. These observations were 
made during fairly late fall. Observations made on the same fields dur¬ 
ing early spring, following a 2-week snow cover, indi(‘ated no apparent 
differences between the treatments listed above. All fields were severely 
affected and losses in stand were heavy. 

Other observations indicate that high nitrogen applications noticeably 
reduce the severity of root rot disease-complex during the first season of 
its application. 

Such observations may not be conclusive, though they have proved 
consistent over a period of several seasons. (Vrtain practices, including 
those listed above, give only temporary relief as evidenced by the fact that 
later crops on the same fields and with the same treatments are often 
severely damaged by root rot disease-complex. A possible explanation for 
this anomaly, partially borne out by laboratory observations, is that well 
nourished plants may produce roots and root generation more rapidly 
during a given seetson than the existing nema population can destroy. 
During the period of apparent Qontrol, however, the nema population 
apparently is built up rapidly in response to an increased food supply and 
the succeeding crop suffers accordingly. 

laboratory observations 

The basis of laboratory observations was work done in the greenhouse 
with infested soils from grain and tobacco fields. Temperature relations 
received most attention but a few experiments were run on pH levels 
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(the latter induced principally by high calcium), moisture, and soil amend¬ 
ments. Pertinent data from the tobacco root rot disease-complex studies, 
which were being run concurrently, were drawn on freely. 

Under our conditions, maximum root mutilation developed, other con¬ 
ditions being equal, under conditions of relatively low soil temperatures. 
Soil temperatures ranging from 68° P. to 73° P. were conducive to maxi¬ 
mum feeding by the nemas as evidenced by the severity and patterns of 
root mutilation. Root degeneration was not excessive at these tempera¬ 
tures. Temperatures below this range were not investigated but judging 
from field experiences the nemas are voracious feeders at temperatures 
considerably below 68° P. When soil temperatures were raised to 75° P., 
and higher, many roots in heavily infested soil escaped severe mutilation. 
Those roots which were already mutilated at lower temperatures, however, 
rotted rapidly at higher temperatures, thus indicating the influence of 
secondary invaders. As the soil temperatures were raised the n,emas in¬ 
festing the roots tended to slacken their feeding cycle and to intensify 
their reproductive cycle. 

In the greenhouse where soil temperature was controlled, root mutila¬ 
tion was significantly more severe in high calcium soils than in low calcium 
soils. Relative pH readings of such soils did not satisfactorily explain 
such differences. 

Relative moisture content of soils, under conditions of soil temperature 
control, also exerted a significant influence on the severity of root mutila¬ 
tion. The actual moisture level of the soil, however, did not appear to be 
more significant than the moisture holding capacity of the soil. In this 
phase of the work an effort was made to distinguish .between the progress 
of root mutilation and the actual expression of disease symptoms. 

In soil flats containing highly infested field soils, severely diseased 
oat plants made remarkable recovery in those flats to which 10 per cent of 
DDT (Dichloro-diphenyl-trichloroethane) by weight had been added, 
whereas those plants reset into untreated soil continued to decline and 
ultimately died without setting grain. 

DISCUSSION 

Root rots of small grains have promoted many productive investiga¬ 
tions in recent times which have indirectly contributed much toward a 
better understanding of certain complexities.involved. Perhaps no dis¬ 
ease is as simple as the relationship between a single parasite and its host 
and certainly any serious consideration of root rots of crop plants must 
take into account the dynamic complexities and interactions operating 
between the root system and the rhizosphere. Since the meadow nemas, as 
a group, maintain representatives in practically all soil types and tend 
to play a significant part in the initiation of root troubles in a wide variety 
of crop plants, it seems they should be accorded much more attention in the 
future than they have had in the past. 
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, SUMMARY 

Small ^^rains affected by root rot disease-complex are unthrifty, stunted, 
pale in color, and typically they fail to tiller. Older leaves of affected 
plants exhibit varying color patterns from pale green through bronzing 
to lemon yellow. When young plants are attacked the leaves become pale 
and flaccid, and many ultimately shrivel and die. Moderately and severely 
diseased plants are commonly “heaved’’ from the soil during periods of 
freezing and thawing, but it is not uncommon for such plants to be up¬ 
rooted in early fall and late spring. Stand losses often are severe, affected 
fields showing bare patches of varying sizes. Moderately and severely 
affected plants are unproductive. 

The root systems of diseased plants, when washed and viewed under 
magnification, show more definitive symptoms. The earliest indication 
of root disease is the presence of watersoaked lesions within the cortex 
of the feeder roots. These lesions undergo rapid color changes, attended 
by a loosening and slipping of segments of the cortex in a sleeve-like fash¬ 
ion which exposes the woody cylinder. 

Leaf bases and young leaves within the crown of affected plants are 
invaded also and some are actually severed from their attachments. 

Root rot disease-complex of small grains has been found to be initiated 
by the feeding habits of members of the meadow nema group, Pratylcnchus 
pratensis, Panagrolaimns suhelo^igatus, Paraphelenchns pseiidoparietinus, 
and a Ditylenchns sp. In time and with rising soil temperatures other 
biologic agents enter injured tissues, both bacteria and fungi, and exten¬ 
sive root rotting occurs. 

Control of root rot disease-complex of small grains has not been accom¬ 
plished but soil fumigation in conjunction with development of small 
grains that will produce vigorous root systems would appear to have merit. 

Virginia Agricultural Experiment Station, 

Tobacco Research Laboratory, 

Chatham, Virginia. 



ROOT ROT DISEASE-COMPLEXES OF TOBACCO IN 
VIRGINIA. I. BROWN ROOT ROT^ 

Wilbert A. Jenkins 
(Accepted for publication February 15, 1948) 

Brown root rot of tobacco has been known since 1916 when it was re¬ 
ported from the Connecticut Valley, Wisconsin, Maryland, and Kentucky 
(5, 6). Undoubtedly the disease occurred earlier than this but had pre¬ 
viously been confused with other diseases of a similar nature. Johnson 
(5, 6) has published two classic papers on the subject and several other 
investigators have added valuable contributions. 

Due to the widespread occurrence of brown root rot, as well as to the 
published work available, most symptoms of the disease are now quite 
well known to those interested in tobacco as are, also, several copditions 
which influence the incidence and intensity of the disease. 

Earlier work (3, 5) sought to demonstrate a fungus or bacterial patho¬ 
gen but these efEorts proved fruitless. Lehman (7) published an excellent 
description of a ‘^new^’ brown root rot disease of tobacco from North 
Carolina with which Tylenchns de Man {Pratylenchus praiensis 

(de Man) Filipjev) was associated. Although the causation of the disease 
was not firoved experimentally, there seems little doubt but that the mea¬ 
dow nema was regarded as a primary parasite by this investigator. He 
also determined that relatively high calcium levels in the soil, as measured 
in terms of rates of application of lime and pH determinations, favored 
the intensity of the disease. Lehman concluded that this disease and that 
described earlier from Wisconsin were not of the same origin, his premise 
being that the intensity of brown root rot diminished with sm*cessive crops 
of tobacco in Wisconsin, whereas the intensity of the ^‘new^’ blown root 
rot increased in intensity with successive tobacco crops in North Carolina. 
Steiner (9) supplemented the above report by publishing a taxonomic 
determination of the nemas associated with root rots of tobacco, noting that 
tobacco was a new host for T, pratensis. 

A vast yireponderance of the published work relates the causation of 
brown root rot to certain non-living soil constituents arising directly or 
indirectly from decomposition of residues from preceding crops (2, 5, 6, 10). 
This interpretation of the etiology, though admittedly tentative, evoked 
surprisingly little controversy considering the rather abstruse nature of 
the hypothesis until other investigators again sought to prove the relation¬ 
ship of a fungus pathogen (8). 

Work under way at this Laboratory since 1941 definitely established 
brown root rot as one of the root rot disease-complexes initiated by the 
feeding habits of members of the meadow nematode group and resulted 
in the publication of a preliminary report (4). Partial confirmation of our 

1 Published with the approval of the Director, Virginia Agricultural Experiment 
Statiaif, as Scientific Paper No. 135 from the Section of Botany and Plant Pathology. 
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results has since been published (1, 11). A more complete exposition of 
the results accomplished at this Laboratory forms the basis of the present 
report. 

SUSCEPTS 

Brown root rot is known to affect the several types of tobacco p:enerally 
grown in Wisconsin, the Connecticut Valley, Kentucky, and Maryland 
(5, 8). Such types as dark fire-cured and burley are known to be affected 
in Virginia, Tennessee, and Kentucky while flue-cured types are affected 
in Virginia, North Carolina, South XJarolina, and Georgia. There are 
persistent reports of brown root rot in flue-cured tobacco in the Province 
of Ontario, Canada, and in shade grown tobacco in Florida, as well. Other 



Fig. 1. Field view of Yellow Special strain of tobacco afFccted by root rot disease- 
cojnplex. The field was adequately cultivated but the plants never attained sufficient 
growth to shade out the grass and weeds. Note the * ^ cabbage-like ^ ’ growth, with wilting, 
stunted, bony leaves. Two successive crops were complete failures on this field. 

solanaceous crop plants such as tomatoes, potatoes, eggplant, and pep¬ 
per, as well as several leguminous and graminaceous crop plants were 
reported to be more or less severely affected (6). Our investigations con¬ 
firm this diverse host range in so far as members of the above list have 
been investigated. In addition, we have found crab grass {Digitaria spp.) 
and Buxus spp. (boxwood) to be seriously affected and Vitis spp. (common 
bunch grapes) and corn* {Zea mays) moderately to severely affected. 
Since members of the meadow nema group are universal in distribution and 
are voracious feeders, it is highly probable that a study of a vast num¬ 
ber of root rot disease-complexes, which at present are attributed to other 
causes, may in time contribute to an extension of the list of suscepts for 
brown root rot. 
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SYMPTOMATOLOGY 

One of the outstanding? above-ground symptoms of brown root rot in 
the field is its resemblance to the disease generally known as black root rot. 
It is unusual to find all plants in a given field severely affected, though 
this sometimes happens (B^ig. 1, Pig. 3, A). As a rule, symptoms are 
severe in areas of varying size within a given field, whereas sections of 
the same field may appear only moderately if at all affected. Quite often 
severely affected plants appear individually and at random throughout a 
field. 



Fig. 2. Typical symptoms of root rot disease-complex on young tobacco in the 
presence of adequate soil moisture. Note the severe wilting of the leaves and the 
beginning of ‘‘cabbage-like'' growth. 


Plants severely attacked have symptoms of severe drouth even in the 
presence of adequate moisture (Fig. 2). Such plants develop a “cabbage- 
like^’ type of growth, entirely uncharacteristic df flue-cured types. When 
seedlings are attacked they generally develop wiry stems and rarely re¬ 
cover. During periods of drouth or excessive water loss, even moderately 
affected plants develop symptoms of a severe type. Plants thus affected 
become stunted throughout and the leaves tend to undergo successive 
periods of wilting. It is not unusual for the entire distal portions of such 
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leaves to burn off eompletety, thus ruining a third to half the leaf area. 
Leaves of such plants, become dwarfed and the larger vascular elements 
tend to stand out in coarse rib-like fashioh (Pig. 1). Pronounced flagging 
of such leaves is common, followed by premature yellowing and rim-firing 
of the older leaves (Fig. 3, A and B). Needless to say, such leaves must 
be harvested gre^n, if at all, thus resulting in a poor quality product and 
heavy loss to the grower. 

Brown root rot {jymptoms are more definitive on the root systems of 
affected plants than on the above-ground portions. Here the true nature 



Fig. 3. Typical field symptoms of root rot disease-complex on mature tobacco. 
A. Portion of a 4-acro field of Bonanza which yielded about 300 sticks of tol>acco 
that would not cure. B. Close-up view of severe rim-firing^ and tip burning of the 
older leaves. 


of the disease may be ascertained. Severely affected plants may be easily 
pulled from the soil by midsummer because of almost complete destruction 
of the root systems. Moderately affected plants exhibit varying stages of 
root survival, but generally the individual roots are discolored, stubby, 
and surviving roots are grouped near the soil surface (Pig. 4). Under 
magnification, affected roots show varying degrees of mutilation consisting 
of cortical lesions varying from pale yellow to almost black. Such lesions 
generally result in complete girdling of the feeder roots followed by loss 
of the cortical tissues through sloughing off (Pig. 5, A, B). The inci¬ 
dence and severity of root decay depends on such factors as soil tempera- 
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ture, moisture, calcium level, and the population of biologic associations 
in the rhizosphere. The above mentioned factors also influence the color 
of the deteriorating roots so that brown root rot is not an altogether de¬ 
scriptive designation for the disease. 

A considerable amount of field work has been accomplished on brown 
root rot at this Laboratory but our most reliable data have been secured 
in the greenhouse and laboratory under controlled conditions. 



Fig. 4. Hoot system of a plant affected with root rot disease-complex. Note the 
“ brush of roots renmiiiiiig iiea” the soil line and the bare roots below. Even the roots 
near the soil line show evidence of severe mutilation. 

MATERIALS AND METHODS 

The basic results of the present investigation were secured from soils 
taken from fields that had produced essentially worthless crops of tobacco 
over a period of several years because of brown root rot. Preliminary 
examinations had shown these soils to be free from Thiclaviopsis hasicola 
(Berk.) Ferraris, but heavily infested with meadow nematodes, of which 
Pratylenchus pratensis (de Man) Filipjev was the dominant component 
of the population. Soils were also taken from the black root rot plots at 
this Laboratory which have consistently produced stunted crops of tobacco 
over a period of 15 years when planted to susceptible strains. This soil 
was known to be heavily infested with certain members of the meadow 
nematode group, except P. pratensis, as well as with several different 
fungi, including T. hasicola. Other soils were taken from the agronomy 
plots at this Station on which profitable crops of tobacco have been grown 
since 1936 and from which there had been no complaint regarding yield 
and quality. This latter soil had been cropped continuously with small 
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grain-tobacco rotations, the small grain being used as a winter cover crop. 
For benefit of later discussion, the soil from the brown root rot fields is 
designated I and is Appling type; soil from the black root rot plots is 
designated II and is Cecil Clay Loam type; while soil from the agronomy 
plots is designated III and is Granville type. 

These soils were used in one-gallon, glazed pottery crocks, suitably set 
up for proper drainage and aeration of the soil. Fertilizer, 3-9-6 analysis, 
was used at the same per plant rate as in the field. Check lots of all soils 
were sterilized within the crocks in an autoclave at 20-lb. pressure for 2 
hours. Plants grown in pots until well rooted at gi’eeiihouse temperatures 
were transferred to constant temperature tanks equipped with both re- 



Fig. 5. PhotomicTographic views of mutilated feeder roots from plants affected with 
root rot disease-complex. A. Extensive girdling of feeder roots and discoloration of 
tissues by biologic associates, in this instance, Thiclaviopsis basicola among other fungi. 
B. Transition between girdles and sloughing of the cortical tissues. 

frigeration and heating units. By means of dual thermoregulators, the 
soil temperatures were maintained within 1° F. (db) of a selected point 
over a temperature range of 32° F. to 120° F. Air temperature was con¬ 
trolled through ventilation of the greenhouse and soil moisture was regu¬ 
lated manually. Since the tanks were not enclosed, the above-ground 
portions of test plants had benefit of full sunlight, conditioned only by 
the glass roof of the greenhouse. By means of auxiliary lighting, the 
photoperiod was maintained equivalent to that of early spring conditions 
in the field. Seedlings were grown to transplanting size in steam steri¬ 
lized sand flats. The test strains of tobacco were Yellow Special (highly 
tolerant to several root rot disease-complex manifestations and generally 
considered highly tolerant to black root rot). Yellow Mammoth, and White 
Stem Orinoco (both highly susceptible to root rot disease-complexes, in¬ 
cluding black root rot). 
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EXPERIMENTAL RESULTS 

Soil iemperature studies. In an effort to du})licat*e the soil tempera¬ 
tures prevailing in this area at the time the crop is normally set into the 
field, seedlings of each test strain were grown at several different tempera¬ 
tures, and some were started at one temperature and later subjected to a 
higher temperature. At the end of a 10-day period, plants were removed 
from soils maintained at approximately 68° F., the root systems washed 
thoroughly and examined under a dissecting microscope. Root samples 
were also preserved for further study. In some instances, random lots 
of seedlings were reset into the crocks and grown for additional intervals 
in order that the course of development could be studied at later dates. 
Additional plants were removed from all soils at varying intervals follow¬ 
ing the 10-day period so that the progress of events could be traced through¬ 
out the growing season. 

When examined within 10 days following transplanting, numerous 
uncomplicated lesions were found on all young roots regardless of soil 
type and variety. The earliest distinguishable lesions were present on 
practically all portions of the roots except in the growing points and in the 
relatively mature tissues. As a rule, most lesions and the more severe 
early symptoms of root mutilation were present in the region of elongation. 
Lesions within the growing points were not seen. 

The lesions are initially devoid of pigment but may appear slightly 
elevated and watersoaked under magnification. These are the lesions which 
yield nematodes in the largest numbers. Very soon after formation a 
majority of the lesions break open because of separation- of the injured 
cortical tissues and the rupture extends into the cambial region. Probes 
inserted into young lesions, as well as transverse sections, confirm the ob¬ 
servation that the nematodes penetrate through the cortex and into the 
cambial layer. This indicates that the nematodes may feed within the 
cambial tissues. Observations also indicate that the lesion is initiated by 
the insertion of the nematode stylet and that further rupture of the in¬ 
jured area may be due to high cellular tension existing at the point of 
penetration. 

With age, the lesions become progressively more discolored. The 
earliest color change is to pale cream or pale yellow, finally developing 
a reddish to black appearance, apparently depending somewhat on the 
nature of the biologic successions. Lesions are found quite often over the 
potential exit of a secondary root or in the crotch of a lateral root. Most 
lesions eventually result in the separation of segments of the cortical tis¬ 
sue from the woody cylinder at the cambium. This condition is followed 
by sloughing off of the cortical tissues in a sleeve-like manner. Lesions 
uncomplicated by root rotting associates generally cause affected roots to 
shrivel and die, particularly if the root is a feeder root and lesions are 
nuhieroiis. Lesions formed on older root tissues often heal over, though 
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the callus remains evident as prominent scar tissue. This activity results 
in extensive root pruninj>:. Continuation (5f root generation coupled with 
root pruning is responsible for the stubby appearance of affected root 
systems. Since the feeding habits of the nematodes are markedly affected 
by temperature, as will be brought out later, the higher temperatures near 
the soil line may afford a measure of protection for adventitious roots de¬ 
veloped in this area, thus explaining the survival of some roots near the 
soil line. 

At temperatures of 73° F. to 80° F., initially, lesion formation is accom¬ 
panied by several biologic associates other than nematodes, which compli¬ 
cates the picture. Under such conditions, extensive root rotting may occur 
rather early. Plants started at 68° P. and then subjected to higher tem¬ 
peratures (75° F. to 80° P.) give us a better understanding of what is haj)- 
pening. 

In soil I, the nematode which is dominant at 68° P. is also dominant 
at temperatures between 73° P. and 80° F. Lesions are formed in a mea¬ 
sured pattern at 68° P. (Fig. 4) and this pattern is continued at higher 
temperatures. At temperatures above 75° P. there is a distinct tendency 
toward more longitudinal movement by the nematodes in affected roots, 
however, and the reproductive processes of the nematode apparently are 
accelerated. Root rotting also is enhanced by the higher temperatures. 

In soils II and III the entire picture is altered by elevation of the soil 
temperature. At 68° P. many lesions are formed but the pattern is vari¬ 
able, i. e., the lesions do not appear at measured intervals along the roots. 
At the same time, several different nematodes are present in the soils with 
little evidence that any one species is dominant. The picture is even more 
confusing with successive crops of tobacco because the specificity of the 
nematode population fluctuates.’ Under these conditions, there appears to 
be a succession of nematode forms resulting in specific alterations in the 
nematode complement of the soils. When the temperature of these soils 
is raised into the range of 75° P. to 80° P., essentially all nematode feed¬ 
ing ceases. Eggs are laid but for some reason new penetrations diminish 

in freciuency and the plants tend to recover. The roots that were badly 

mutilated at 68° F. decay rapidly at high temperatures, but the rotting 
does not spread to new roots. 

In soil II, Thielaviopsis basicola, among other fungi, grows luxuriantly 
on, and adjacent to, the lesions and sloughing cortical tissues, but as 

the soil temperatures are elevated to the point where nematode feeding 

diminishes, new loci of infestation by T, hasicola diminish proportionately. 

The above-ground portions of all varieties were stunted severely on soils 
I, II, and III at 68° P. At temperatures of 80° P. or higher, all tobacco 
strains on soil I remained severely stunted, but on soils II and III the 
strains were easily separable on the basis of tolerance. All strains at¬ 
tained more height on soil III than on soil II at 68° P. 



536 


Phytopathology 


[VoL. 38 


At 68° F. on soil II, Yellow Special attained significantly more height 
than did Yellow Mammoth or White Stem Orinoco, but it did not approxi¬ 
mate the height of the check thus indicating that the strain was stunted by 
root mutilation. At temperatures of 80° F. and higher. Yellow Special 
attained significantly more height than did either of the other strains under 
test. At least some portion of this response was due to the ability of 
Yellow Special to continue root generation, whereas the other two strains 
showed evidence that they were incapable of sustaining a high rate of root 
generation under the same conditions. 

All strains grew normally on the cheek (sterilized) soils of all types. 
There was very little root mutilation in the checks and the small numbers 
of nematodes found were indicative that a slight infestation was introduced 
by splashing water or by air currents. 

It thus appears that injury at all soil temperatures results from an 
unbalance between the rate of root mutilation by the nematodes and the 
rate of root generation by the host. At low soil temperatures (68° F.) 
the nematodes are voracious feeders. Since root generation is compara¬ 
tively slow at such a temperature, the feeder roots are destroyed faster 
than new roots are generated, and the result is stunting of the plants. At 
higher temperatures, the reproductive phase of the nematode is accelerated 
and feeding slows down. Whether or not the plants generate roots faster, 
the plants tend to recover because of a more favorable balance. The ex¬ 
ception to this general statement is found in the ease of plants affected by 
Pratylenchus pratensis. In such plants there is no recovery or it is only 
slight. 

Studies with air-dried soils. During the early phases of this investiga¬ 
tion, soils were collected from many different fields where tobacco had symp¬ 
toms of browm root rot. Often the soils became completely air-dried before 
they were used. It was soon noted that such soils consistently failed to in¬ 
duce typical symptoms of brown root rot when seedlings were set into them. 
Since this experience was in accord with Johnson^s findings (5), no effort 
was made to elaborate on this phase of the work. It was determined, how¬ 
ever, that Pratylenchus pratensis is more susceptible to destruction from 
drying than are certain other nemas associated with it in many tobacco 
soils collected in eastern Virginia and eastern North Carolina. 

Studies with chemical amendments. Having determined the probable 
causation of brown root rot, together with several climatic factors favoring 
its severity, it was thought that practical control of this and other root 
rot disease-complexes might be achieved by affording transient protection 
to susceptible strains of tobacco long enough for seedlings to recover from 
the shock of transplanting and generate a functioning root system. This 
idea was based on the hypothesis that a tobacco plant might create a more 
favorable balance for its feeder root system through root generation if the 
rhizosphere were rendered temporarily free of nemas at the time of trans¬ 
planting. 
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Chemical treatments were used as dust and licjuid formulations and the 
root systems of the plants were plunged into the chemicals immediately be¬ 
fore being set into the soil. 

Of the many chemicals and formulations of ea(th that were used, only 
a very few satisfied the conditions for which they were intended. For 
instance, a vast number of the materials containing mercury were too toxic 
to the root systems even though they proved highly effective against the 
nemas. Benzine hexachloride (Hexachlorocyclohexene) was in the same 
category with mercury. Varying formulations of DDT (Dichloro-diphcnyl- 
trichloroethane) from 10 per cent to 50 per cent by weight gave excellent 
control in certain fields and in the greenhouse. In other fields, however, 
DDT treatments were not effective, probably because the effects were too 
transient. 

Limited information was secured in greenhouse cultures indicating that 
a high calcium level in the soil definitely favors brown root rot. This 
effect is particularly noticeable in the crop following that to which the 
application was made. High nitrogen levels gave very similar results. 
In the greenhouse experiments, the calcium level was roughly equivalent 
to an application of 150 lb. lime per acre to ordinary tobacco soil and the 
nitrogen level was roughly equivalent to a side dressing of 50 lb. nitrate of 
soda per acre on ordinary tobacco soil. Such information means little by 
way of field application since conditions in the field soils as influenced by 
past practices would vary more widely. 

ETIOLOGY 

Isolations from very young lesions on root systems grown on all soil 
types at 68° F. were either negative or the inconsistencies and variation 
among the isolations were so prevalent as to preclude the possibility of a 
primary bacterial or fungus parasite when bacteriologic methods were used. 
On the other hand, members of the meadow nema group were abundant in 
the very young lesions when the proper method of demonstrating their pres¬ 
ence was used. Representatives of all fungus and bacterial isolates were 
incapable of inducing symptoms of brown root rot when used as inoculum, 
except in the presence of members of the meadow^ nema group. 

In material from soil I grown at 68° F., Pratylenchus pratensis is the 
nema species found almost exclusively. At higher temperatures in the sapie 
soil, P. pratensis continues to be the domihant nema present, though other 
nemas as well as fungi and bacteria may be readily isolated from decom¬ 
posing roots. 

Materials from soils II and III grown at 68° F. yielded relatively 
large populations of nemas of several types, including DUylenchus sp., 
Aphelenchoides sp., Panagrolaimus sp,, Aphelenchus $p,, and Acroheloides 
spp. In these soils no single species predominated at any temperature. 
Bacterial and fungus isolations were negative from very young lesions. 
As the lesions began to rupture and adjacent tissues deteriorated, numerous 
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fungi and bacteria were isolated. As in soil I, isolations from soil II and 
III varied in almost direct proportion to the time interval the roots had 
been exposed. During the initial 10-day interval comparatively few species 
of fungi and bacteria were isolated, but at successive intervals the numbers 
increased. Such a pattern of increase might readily indicate normal bio¬ 
logic succession. For instance, in soil II, the earliest fungi isolated were 
species of Fusarium and Pythium, but as time intervals multiplied, Mucors, 
Macrophomina phaseoU, Thielavia haskola, and Thielaviopsis basicola 
were readily isolated. 

When the temperature of soils II and III was raised to 80° F. and 
higher, the nema population began to fluctuate widely, finally resulting in 
an entirely different nemic population from that originally present. At 
these higher temperatures feeding by the nemas (as evidenced by lesion 
development) ceased. At the same time, Thielavia and Thielaviopsis dis¬ 
appeared from the roots, though Thielaviopsis could still be readily iso¬ 
lated from the soil by appropriate methods (12). 

DISCUSSION 

The etiological aspects of brown root rot of tobacco are no longer ob¬ 
scure, but a consideration of the available data develops a concept of plant 
disease which is difficult to discuss except on a broad basis. 

An evaluation of the data which have accumulated through work ac¬ 
complished under controlled conditions demonstrates rather conclusively 
that brown root rot of tobacco must be classified as a root rot disease- 
complex. Our experiences demonstrate that the disease in this area is ini¬ 
tiated by the feeding habits of members of the meadow nema group and 
that one of these nemas, Prutylenchus pratensis, is alone capable of induc¬ 
ing symptoms typical of the disease. 

In our work with various strains of flue-cured tobacco grown under 
controlled conditions on soils known to produce consistent symptoms of 
brown root rot in the field, very young lesions yield essentially negative 
isolations, except for Pratylenchus pratensis, when the soil temperature is 
maintained at 68° F. At higher temperatures, isolations of fungi and bac¬ 
teria from deteriorating roots are too inconsistent and variable to indi¬ 
cate more than normal biologic succession in decomposing tissues. When 
representatives of these isolations were reinoculated into clean soil, no 
symptoms of brown root rot develop on tobacco grown in it; whereas the 
disease always develops in the presence of P. pratensis. 

Soils taken from fields in this area invariably harbor large populations 
of nemas. A vast proportion of this nema population feeds on living roots 
of tobacco and other crop plants, as well as weeds, growing in the soils. 
Since the nemas prefer succulent tissues, it is only natural that the feeder 
roots will suffer most, regardless of the crop in question. Such a situa¬ 
tion brings very sharply into focus the problem of a potential reduction in 
vegetative; vigor in the exposed crop with consequent reduction in yields 
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and quality. This may and undoubtedly does occur over wide areas even 
in the absence of specific symi>toms on the above-j?round parts of affected 
plants. The implications of such a situation are tremendous both from the 
agronomic and pathologic standpoint, for complications arisint^ from mu¬ 
tilation of the feeder root system of a croj) plant may vary all the way 
from symptoms of nutritional deficiencies to those of an epiphytotic disease. 

The matter of biologic associations has merely been mentioned, not ex¬ 
plored. Certain nemas may function both as primary invaders and as 
carriers of biologic associates, some of which may, following introduction, 
be classified as primary parasites aiyl a majority of which may attack tis¬ 
sues already weakened by mechanical mutilation. Thus transient diseases 
may be due to nemas which are non-toxic and which resixmd in their 
feeding habits to very narrow temperature ranges. 

The physiologic or toxicity effects of nema feeding on tobacco roots has 
not been investigated but observational evidence suggests that certain 
species, among these being Prafylenchus pratensis, are highly toxic to 
certain (‘rop plants over and beyond the matter of root mutilation. Other 
forms which show little evidence of toxicity undoubtedly bring about mild 
to severe nutrit’.onal deficiencies in crop plants by mechanical destruction 
of roots, while others may act as carriers of saprophytic or parasitic asso¬ 
ciates, perhaps including some of the viruses. 

Another very interesting aspect of root rot disease-complex brought out 
by this work is the feet that tobacco strains of different genetic constitu¬ 
tion often respond differently to nema invasion. The best evidence for this 
opinion rests on comparative measurements of plant height, for our results 
show that a given strain may suffer significantly less stunting of the above¬ 
ground parts than another although the root systems of both may be about 
ecpially mutilated. Where soil infestation by Prafylenchus pratensis 
occurs, however, the situation is basically different. We have found gen¬ 
eral indications that a strain of different genetic constitution will often 
produce a satisfactory crop in the presence of P. pratensis provided this 
strain is being grown on the infested soil for the first time, i.e., following 
a long period of culture of some other genetically different strain. These 
results appear to follow the principle of adaptive feeding by the nemas. 
In time, one would expect the nemas to become adapted to any new intro¬ 
duction. 

Calcium and nitrogen levels appear to exert both a direct and indirect 
effect on the nema populations. Calcium, for some reason, appears to 
favor the nemas directly, whereas both calcium and nitrogen encourage 
the development of extensive root systems which in turn might be expected 
to influence the increase and accommodation of larger nema populations. 
That this may be true seems to be borne out by the fact that brown root 
rot and other root rot disease-complexes of crops appear to be more severe 
on crops following those which received supplemental applications of cal¬ 
cium and nitrogen. 
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Finally, host adaptation would appear to offer a valid explanation for 
variations in intensity of brown root rot of tobacco in different parts of 
the country as related to croppinj? practices. Our experience with mem¬ 
bers of the meadow nema group indicates that members of the grass fam¬ 
ily are more natural hosts of the grouj) as a whole than is tobacco. Con- 
se(iuently, in the flue-cured tobacco belts where successive tobacco crops 
are grown for long periods on the same fields, the nemie populations con¬ 
sist of large numbers of highly adapted individuals which i)ersist in ac¬ 
cordance with the cropping practices. In other sections of the (country 
where tobacco is grown periodically following more or less lengthy rota¬ 
tions with grasses and other crops, large populations of nemas undoubtedly 
develop and persist but the adaptive process toward tobacco is not so 
acute. Since, under the latter conditions, grasses would appear to be the 
favored host, the nemic population on a given field would be expected to 
diminish with each successive tobacco crop grown on a given field/at least 
until such time as that population increase could be initiated and sus¬ 
tained by adapted individuals. By host ada])tation is meant the ability 
of the nema to reproduce successfully on a given host, not merely the fa¬ 
cility of feeding on it. 

SUMMARY 

Studies of tobacco root rots in the field and under controlled conditions 
in the greenhouse and laboratory since 1942 offer conclusive evidence that 
brown root rot should be classified as one of the root rot disease-complexes. 

Tobacco affected by brown root rot has unmistakable symptoms of 
drouth injury. Tn general, affected plants do not grow properly follow¬ 
ing transplanting, either in certain areas within the field or throughout 
the field. The leaves of affected plants undergo alternate periods of wilt¬ 
ing and recovery during early stages of the disease, but as the season pro¬ 
gresses many leaves fail to regain turgidity wholly or in part, resultijig 
in stunted i)lants bearing coarse, stunted leaves with varying degrees of 
tip burning and rim firing. Severely diseased -iflants frequently have 
symptoms of plant food deficiencies. 

Brown root rot symptoms are more definitive on the feeder root system 
which typically becomes mutilated to such an extent that it can no longer 
adecpiately perform its function. Lesions, as seen under magnification, 
are at first watersoaked to i)alc yellow and finally brown to black. The 
color changes generally follow rather extensive cortical fissures (girdles) 
which extend into the cambial zone and result in extensive sloughing of 
the cortex. Root rotting often accompanies root mutilation but varies in 
extent and severity with such factors as soil temperature, moisture, cal¬ 
cium level, and biologic associates in the rhizosphere. Root mutilation 
precedes root rotting and may, alone or in conjunction with the latter, 
result in an inadequate feeder root system. 

Under our conditions, brown root rot of tobacco is initiated by the 
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feeding habits of members of the meadow nematode group, of which the 
true meadow nema, Pratylcnclnts prafensis (de Man) Filipjev eojisistently 
produces severe symptoms. 

Adequate control of brown root rot has not be(m attained. Such 
measures as supplementary nitrogen applications, rotations with tobacco 
varieties of different genetic (*onstitution, and hilling the soil high about 
the bases of plants have afforded temjiorary benefit to the current crop. 
Soil fumigation studies recently begun appear to offer more permanent 
control when used in conjunction with varieties of tobacco developed to 
produce more vigorous root gene^tion. 

\ IRCUNIA AgKKUTLTURAL EXPERIMENT STATION, 

Tobacco Research Laboratory, 

Chatham, Virginia. 
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THERAPEUTIC TREATMENTS FOR RUSTS 

C . E . Y A R W 0 0 D 
(Accepted for publication February 26, 1948) 

Several exceptions are known to the common generalization that dis¬ 
eases caused by rust fungi are not subject to control treatments after 
infection has occurred. Newton et al. (3) found that catechol injected 
into wheat leaves 4 days after inoculation with rust, reduced subsequent 
rust development by about 50 per cent. Gassner and Straib (2) reported 
that sulphur dust was effective in reducing cereal rust when applied up 
to 10 hours after inoculation and kainite up to 48 hours after inoculation. 
Gassner and Hassebrauk (1) discovered that overnight immersion of leaves 
in sodium sulphide solutions killed cereal rust infections up to 3 days 
after inoculation. Sempio (7) found that temperatures of 34° to 36° C. 
for 21 days completely killed bean rust mj^elium when the treatment 
\vas applied 4 days after inoculation. Ogilvie and Brian (5) developed 
a practical control of mint rust by treating the cuttings for 10 min¬ 
utes in water at 112° F. but the nature of the control is not clearly 
set forth, and Niederhauser (4), who confirmed the success of the method, 
believed that control resulted from the killing of the uredospores and not 
from the killing of the rust mycelium in the tissues as it is to be inferred 
from the results of Brian and Ogilvie. Parker-Rhodes (6) used 15 min¬ 
utes immersion in water at 40° C. for the eradication of two wheat rusts, 
but no details of rust development are given. Yarwood (9) reported 
killing of 5-day-old uredial pustules of bean rust, snapdragon rust, and 
sunflower rust without host injury by exposure of the plants to the vapors 
from lime sulphur solutions, or from dilute hydrogen sulphide gas. Zau- 
meyer and Goldsworthy (11) state that liquid lime sulphur, chlorinated 
naphthoquinone, and disodium ethylene bisdithiocarbamate were effective 
in eradicating 24-hour infections of bean rust. The present report presents 
quantitative details of rust therapy by the above and other methods. 

MATERIALS AND METHODS 

The uredial stages of sunflower rust [Piiccinia helianihi) on variety 
Mammoth Russian, bean rust {Uromyces phaseoli) on variety Pinto, snap¬ 
dragon rust {Puccinin antirrhini) on varieties of cultivated snapdragon, 
and mint rust (Puccinia nienthae) on spearmint were used in these tests. 
The rusts w^ere collected in the San Francisco Bay region and all tests 
were made on plants growing in 4-inch pots in the greenhouse at Berkeley, 
California. Pinto bean plants with paired primary unifoliate leaves suit¬ 
able for inoculation in 8 to 12 days from seeding were best suited for these 
tests and were most used. The plants were inoculated by spraying them 
with a spore suspension and incubating them overnight, usually about 14 
hours^ in moist chambers with a prevailing temperature of about 17° C., 
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and then placed on the greenhouse bench. Tests oi cradicant (thera¬ 
peutic) treatments were usually made at 4 days after inoculation, at which 
time the pustules first became evident, but shorter and longer infection 
periods were also used. 

To test the cradicant action of dry air, as a measure of the incubation 
(in the sense of Whetzel) period under conditions of these trials, inocu¬ 
lated plants, placed in moist chamber incubators at. inoculation, were re¬ 
moved from the moist chambers at varyinj^ times after inoculation and 
placed on a turntable in the j*:reenhouse, where the leaf surfaces usually 
dried in about 30 min. Soon after the i)lants had dried, they were re¬ 
turned to the greenhouse bench. 

Spraying was done with a No. 15 DeVilbiss atomizer attached to 35 lb. 
air pressure. For ordinary coverage applications the nozzle was held 
about 8 inches from the leaves to be sprayed, but for the penetrating or 
water soaking applications the nozzle was held at about I inch from the 
lower leaf surface. A spreader, 0.05 per cent B195(), a proprietary form 
of phthalic glycerol alkyl resin, was used in all cases where a spreader is 
indicated. 

Infection was normally measured by counting the living pustules per 
square centimeter at about 10 days after ino(*ulation. With the beans, 
untreated cheek leaves were the twin leaves opposite the treated leaves, 
except in the tests with dry air, when, as with all tests on all hosts other 
than bean, the check leaves were on separate plants. Infection on the 
checks ranged from 20 to 100 pustules per sq. cm. and percentage control 
was calculated as 

Pustules per cm.“ on check - Pustules i)er cm.“ on treated x 100 
Pustules per cm.^ on check 

In a few cases, as in the hot water treatments, f)ractically all pustules in 
a given treatment reacted alike, eradication was total or nil, and inter¬ 
mediate values were estimated. 

In trials of vapors, as those from lime sulphur solution and from mix¬ 
tures of sodium cyanide and sulphuric acid, exposures were of two types. 
In most tests the leaf to be treated was placed in a 450-cc. fruit jar with 
a notch in the rim to accommodate the petiole. After the leaf lamina, still 
attached to the mother plant, was placed in the jar, the glass top with 
rubber seal was fastened on with a rubber band and the opening around 
the petiole was sealed with modelling clay. Plants with leaves in jars of 
this type were placed on a rotating turntable in daylight for the specified 
exposure ])eriod and then the leaf was removed from the jar and the plant 
returned to the greenhouse bench. In another type of ex])osure the pots 
of plants to be treated were placed in closed 120-liter cans in the dark and 
the sodium cyanide-sulphuric acid mixture in a jar was placed beside the 
plants, but with no provisions for forced air circulation. 

Cyanide was produced by adding an equal volume of 20 per cent sul- 
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phuric acid to the required amount of 0.2 per cent sodium cyanide. Tt is 
assumed that all the cyanide was released as f?as. 

To test the therapeutic effect of hot water on bean rust and mint rust, 
infected leaves of potted plants were immersed in distilled water at speci¬ 
fied temperatures and then the plants were returned to the j>:reenhouse 
bench. 

Hot air therapy was investifjfated only with snapdraj^on rust. Because 
of the low heat capacity of the incubators the introduction of potted plants 
markedly lowered the incubator temperatures, and an hour or so usually 
elapsed before the incubators reached their original desired temperature. 
Also, the incubator temperature only was measured, and the leaf tempera¬ 
tures would be less. For these reasons, the data on hot air therapy are 
considered less reliable than those of hot water therapy. 

RESTTLTS 

Dry air. Results of two trials in the jrreenhouse of the eradicant action 
of dry air for bean rust are presented in figure 1, A, and show values 
ranging from 100 per cent eradication in 2 hr. after inoculation to 0 per 
cent in 18 hrs. In two trials at 13° C. with sunflower rust, dry air gave 
complete eradication in 2 hr., 55 per cent in 6 hr., 25 per cent in 12 lir., 
and 0 per cent in 18 hrs. These values must be considered in relation to 
later results with fungicides, as they indicate that chemical treatments 
showed eradicant action long after dry air 'was ineffective. 

Ordinary spray applications. Most spray applications are designed to 
cover the plant surface but not to penetrate the tissues. 8uch surface 
sprays, however, may give eradication of rust long after the fungus has 
developed beyond the stage where it can be eradicated by dry air. Results 
with 2 per cent rosin lime sulphur (8) on sunflower rust indicate that 100 
per cent eradication was se(!ured up to 16 hr. after inoculation, and that 
control decreased progressively to 0 at 90 hr. after inoculation (Fig. 1, A). 
This spray was therefore ])artially effective up to 77 hr. after dry air had 
no eradicant action. Other materials tested and results of a typical test 
14 hr. after inoculation were: sidphur dust—5 per cent eradication, 1 per 
cent Bordeaux plus spreader—35 per cent eradication, 2 per cent lime 
sulphur plus spreader—86 per cent eradication, and 0.2 per cent copper 
resinate in emulsifiable pine oil—96 per cent eradication. 

When plants treated in this manner were ‘placed in a moist chamber 
after spraying, and the drying of the spray thus delayed, the eradication 
was more complete than when the plants were dried immediately after 
treatment. For example, in t(»sts with sunflower rust at 18 hr. after inocu¬ 
lation, 2 per cent rosin lime sulphur gave 86 per cent eradication when 
the treated plants were dried immediately, and 100 per cent eradication 
when the plants were held in a moist chamber for 6 hr. after treatment. 
Unless otherwise mentioned, plants treated with eradicant sprays were 
held ah a moist chamber for about 6 hr, after treatment. 
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When a spreader was added to any of the therapy sprays used, greater 
rust control resulted, presumably because the spreader facilitated pene¬ 
tration of the spray through the stomatal openings and into the intercellu¬ 
lar spaces, even though the penetration did not reach the point where 
watersoaking of the tissues was apparent to the unaided eye. For example, 
0.013 per cent copper sulphate without spreader gave 94 and 32 per cent 
eradication at 18 and 65 hr., respectively, but with a spreader gave 98 and 




Fig. 1. A. Eradicant action of dry air for bean rust, rosin lime sulphur surface spray 
for sunflower rust, and lime sulphur and lime sulphur-zinc sulphate as penetrating 
sprays for bean rust. B. Effect of 0.0,5 per cent s])reader on the eradicant action of 
various dosages of lime sulphur as penetrating sprays. C. p]ffeet of varying dosages of 
zinc sulphate on the eradicant action of 0.1 per cent lime sul])hur for bean rust. 

74 per cent eradication at these same periods. A series of 8 trials with 
0.1 per cent copper sulphate plus spreader followed by 6 hr. in the moist 
chamber over the period from 16 to 96 hr. after inoculation gave an aver¬ 
age time-eradication response curve which could not be distinguished from 
that of rosin lime sulphur. 

Penetrating spray applications. While ordinary spray applications on 
beans leave only a surface deposit, complete water soaking of leaves is 
readily attained by sprays, and is favored by high as compared to low 
impact pressures, morning application as compared to afternoon or night 
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applications, youii" leaves as compared to old leaves, and the nse of a 
spreader as compared to the use of sprays without a spreader. Water 
soaking spray applications caused greater injury than surface applications, 
but injury was less when the treated plants were placed in a moist chamber 
until after dark, and then returned to the greenhouse bench, than when 
allowed to dry in the sun immediately after spraying. 

Copper sulphate, lime sul])hur, and mixtures of lime sulphur and zinc 
^sulphate were most studied. Of these, copper sulphate was poorest, and 
applications of 0.01 to 0.1 per cent gave 70 to 90 per cent eradication of 
be^i rust at 40 to 114 hi*, after inoculation. Dosages of 0.01 to 3.0 per (‘ciit 
lime sulphur with spreader (Fig. 1, B) gave eradication values which 
were approximately those ol* a normal dosage response curve. Lime sul- 
])hur without spreader (Fig. 1, B) was less effective than lime sulphur 
plus spreader except at the 3 per cent concentration, which gave complete 
eradication in all tests. 

Results of trials of the effect of age of infection on eradication of bean 
rust with 0.1 per cent lime sulphur j)lus spreader are given in figure 1, A. 
Eradication from sprays ap])lied 9 to 215 hr. after inoculation ranged 
from 0 to 100 pei* cent with no clear relationship to time. This concen¬ 
tration is near the critical lower dosage for eradication (Fig. 1, B), and it 
appears that some inade(]uately controlled factor was important in deter¬ 
mining these variable results. 

The effect of addition of zinc snl])hate to lime sulphur is presented in 
figures 1, A and 1, ('. In figure 1, A, it is shown that 0.1 per cent lime 
sulphur plus 0.1 per cent zinc sulphate plus spreader gave 100 per cent 
eradication when applied 48 to 215 hr. after inoculation in 7 out of 8 trials, 
and was therefore more effective and more consistent than lime sulphur 
without zinc sulphate, an observation also supported by trials of this mix¬ 
ture as a |)rotective spray (10). The effect of varying the concentration 
of zinc sulpha!e from 0.01 to 1 per cent is shown in figure 1, C, and it is 
clear that there ex’s!s a broad optimum between 0.02 and 0.5 per cent 
zinc sulphate. 

f’?/ twde (jas. Results with cyanide gas, for plants whi(*h were not 
killed by the treatment, are given in figure 2, A. In 2 trials with snap¬ 
dragon rust, 80 to 100 per cent eradication resulted on 4-(lay-old infections 
exposed to calculated doses of 60 to 100 p.i).m. cyanide gas for 12 hr. in 
large cans. In 3 trials with bean rust in large cans, 0 to 100 per cent 
eradication of 4-day-old lesions resulted from 12-hour exposures to 60 to 
400 p.p.m. Tn two trials with bean rust in 450-cc. jars, 70 to 100 per cent 
eradication of 4-day-o!d lesions residted from 15-min. exposures to 600 to 
2,000 p p.m. of cyanide. Eradication was generally poorer along the veins 
of the leaves, presumably because the leaves are thicker there. Usually 
there was some host injury from cyanide gas, but the greater susceptibility 
‘ of the rust fungus than the host to cyanide gas was marked in all cases 
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where the host was not killed, and in a few eases complete rust eradication 
resulted without apparent host injury. . 

Volatile (j(fses from lime sulphur and sodium sulphide. With exposure 
periods of 5 hours, the j?ases from dilute lime sulphur usually gave eom- 



CONCENTRATION OF LIME SULPHUR USED AS SOURCE 
OF VAPOR-PERCENT 

Fig. 2. A. Kradicaiit action of cyanide gas for snapdragon rust and ])ean rust. 
The tests on snapdragon rust, upper left, were exposures of 12 hours in 120-liter cans. B. 
Kradicaiit action on bean rust of the volatile products from various concentrations of lime 
sulphur. 

plete eradication of 3- to 7-day-oId bean rust infections without host injury 
in a large number of trials (Pig. 2, B). For commercial lime sulphur 
(specific gravity 1.28) diluted with distilled water the most therapeutic 
concentration was about 0.1 per cent, with less therapy resulting from 
lower or higher concentrations. The low therapeutic value of vapors from 
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high concentrations of lime sulph^ji is associated with their strong alka¬ 
linity, since wi.h 0.1 per cent lime sulphur and 0.05 per cent sodium sul¬ 
phide, the optimum pH (as manipulated with 0.1 N HCl) for therapy 




Pig. 3. A. Eradieant action of hot water for bean rust, and injury to beans from 
water at 50^ C. B. Eradieant action of hot air for snapdragon rust. 

without host injury was about pH 9, while the unadjusted pH of all solu- 
tiops of these or higher concentrations was always above this. As judged 
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by the darkening of lead acetate paper in the test chambers, there was a 
correlation between hydrogen sulphide formed and therapeutic activity. 
However, in other trials with bean j^owdery mildew (Erysiphe polyljoni) 
therapy resulted from a mixture containing 0.1 per cent lime sulphur+ 
0.1 per cent KMn 04 , where H 2 S could usually not be d(jtected with lead 
acetate. 

Hot water. Results for bean rust of all therapy tests with hot water 
from 35° C. to 55° C., in 5°-intervals, are presented in figure 3, A. The 
results indicate complete eradication of bean rust in 80 min. at 35° C., 15 
min. at 40°, 2 min. at 45°, 0.13 utiii. at 50°, and 0.06 min. at 55°. The 
best straight line through these points indicates a QIO (ratio of immersion 
times for equivalent lethal effect over a range of 10° C.) of about 44 be¬ 
tween 35° and 55° C. Uredial pustules killed by hot water made no fur¬ 
ther growth. If therapy treatments were made at 4 days after inoculation, 
when the rust pustules were barely apparent, no host injury usually oc¬ 
curred at the therapy dosages indicated, but at 7 and 10 days after inocu¬ 
lation, treatments which killed the rust usually killed the leaf tissue for 
about a millimeter beyond the pustule. As judged by results of one test 
with beans at 50° C., there was apparently a wide margin between eradi¬ 
cation of the parasite and injury to the host (Pig. 3, A). There was no 
host injury from 30 sec. at 50° (.., which was about 3 times the time neces¬ 
sary for complete eradication. For exposures of 30 sec. to 9 min. at 50° (\ 
there was a progressive increase in host injury from 0 to 100 per cent. 

In the one test of hot water therapy for mint rust, treatments of 10- 
day-old infections gave the following results: 10 min. at 40° C.—30 per 
cent eradication, 1.5 min. at 45° C.—80 per cent eradication, 12 sec. at 50° 
C.—100 per cent eradication, and 4 sec. at 55° C.—100 per cent eradica¬ 
tion ; all with no host injury. From these results it would appear that the 
relative sensitivity of mint rust and mint })lants was probably not greatly 
different from tluit of bean rust and bean plants. There was no possi¬ 
bility in these experiments of the cure of mint rust being due to killing of 
the surface spores, as was the case in Niederhauser’s (4) tests. In the 
successful treatments the killed uredial pustules were sunken, dull in color, 
and obviously inactive 10 days after treatment, while untreated pustules 
were raised, brown, and powdery. 

Hot air. Satisfactory hot air therapy was secured only with snap¬ 
dragon rust, and results of these tests, presented in figure 3, B, indicate 
that snapdragon rust can be eradicated by hot air dosages ranging from 
30 min. at 46° C. to 40 hr. at 34° C., with a QIO between these limits of 
about 20. 

DISCUSSION 

Therapy is only one of six basic methods of plant disease control, and is 
at present the least used. The frequent excursions of plant pathologists 
into this field of study have yielded relatively little of practical value for 
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many years, and the present study is no exception. However, the need 
for curative treatments exists, and undQ.ubtedly practical uses will arise 
from basic studies of the subject. In the present study the practical 
value of hot water treatment to control rust infections in planting: stock, 
as with mint rust, is demonstrated, and the possible control of rust dis¬ 
eases in greenhouses, by sulphur vapors, is indicated. The use of sulphur 
vapor in this way should also prove of value in further basic studies, such 
as studies of the relative absorption and fixation of sulphur vapors by 
healthy and fungus infected plant tissues. 

The rust fungi studied are obviously more sensitive to the treatments 
used than are their hosts. With hot water the lethal exposure for bean 
rust at 50° C. was only about one-sixth that of the lethal exposure for bean 
leaves. This would indicate that bean rust has evolved under lower maxi¬ 
mum temperatures than have beans. Evolutionary significance is less 
apparent in the results with sulphur and cyanide. , 

In other reports of heat therapy, specific times at a s])ecified tem¬ 
perature are usually indicated. This study would indicate there is no 
optimum temperature, and that a great range of temperatures could be 
used (in the case of bean rust, from 35° to 55° C.) provided appropriate 
exposure times were chosen. 

SUMMARY 

Bean and sunflower plants inoculated with uredospores of their respec¬ 
tive rusts, placed in a moist chamber, and returned to a dry atmosphere 
at varying times after inoculation, showed no subsecpient infection when 
the plan s were dived 2 hr. after inoculation, but increasing infection with 
incubation periods up to about 18 hr. before drying.* When infected 
j)lants were sprayed with surface ap|)lications of 2 per cent I'osin lime 
sulphur or 0.1 per cent copper sulphate plus sprer.der, subsecpient infec¬ 
tion was inversely proportional to the interval between inoculation and 
spraying for per ods between 18 and 90 hr. after inoculation. Penetrat¬ 
ing applications of dilute lime sulphur were effective in eradicating bean 
rust up to 8 days after inoculation with little host injury, and the effec¬ 
tiveness of these penetraling spray applications was increased with increas¬ 
ing lime sulphur concentrations, with the addition of a spreader or zinc 
sulphate to the lime sulphur spray, and with enclosure in a moist cham¬ 
ber following spraying. 

Cyanide gas at concentrations ranging from 70 to 2,000 p.p.iii. was ef¬ 
fective in eradicating bean and snapdragon rust in exposures of 15 min. 
and 12 hr., but host injury usually resulted. The vapors from lime sul¬ 
phur solutions ranging from 0.001 per cent to 100 per cent lime sulphur 
eradica ed bean rust from 4- and 7-day-old infections, with the maximum 
therapy from 0.1 per cent lime sulphur. The optimum alkalinity for the 
volatile therapeutic action of 0.1 per cent lime sulphur or 0.05 per cent 
Na 2 S was about pH 9. 
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Four- to 10-day-old infections of bean rust and 10-day-old infections of 
mint rust were killed without marked host injury when infected leaves 
were immersed in water at 35° to 55° C. for intervals varyiu" from about 
80 min. to 4 sec., respectively, with a temperature coefficient of about 44. 
Snapdrajjon rust was similarly eradicated with dry air at 34° to 46*^ C. in 
40 hr. to 30 min., respectively, with a temperature coefficient of about 20. 

Division of Plant Pathology, 

Unhersity of California, 

Berkeley, California. 
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RESULTS OP ELEVEN YEARS’ SPRAYING FOR PECAN SCAB 
CONTROL WITH HIGH-LIME AND LOW-LIME 
BORDEAUX MIXTURE 

John K. Colei 
(Accepted for puldicatiou Marcli 2, 1948) 

TNTRODTTCTION 

Pecan scab, caused by C adosporiuni effusiim (Wint.) Demaree, is one 
of the most important limiting factors in nut production, especially in areas 
of hi^h rainfall and humidity, and its control is of vital importance to the 
pecan industry. All widely planted commercial varieties, other than the 
Stuart, are susceptible to scab in some localities and may require spraying 
to control the scab disease. The Stuart is the most widely planted ot* all 
varieties throup:hout the pecan-jrrowin<>: area. r 

Demaree and Cole (6) found that strains of the scab fun<»:us show selec¬ 
tive parasitism for (certain varieties, and for that reason “trees of sus¬ 
ceptible varieties might be growing in the same orcliard in contiguous 
rows, or even with their bramdies interlocking those of scab diseased trees 
of another variety and not be affected with the disease. Varieties are 
sometimes very susceptible in one locality and apparently immune in an¬ 
other.” 

Observations by the writer indicate that the build-up and increase of 
virulent strains of the fungus from susceptible varieties to those previously 
resistant is a gradual process and usually takes place .over a period of 
several years. 

EXPERIMENTS TO CONTROL PECAN SCAR 

Early investigators, Waite (13), Spooner (12), McMurran and Dema¬ 
ree (8), Neal (9), Demaree and Cole (4, 5), Nolen (10), and Boyd (2), 
did considerable experimental work on the control of pecan scab using the 
standard spray and dust materials, i.e., high-lime Bordeaux mixture, lime- 
sulfur solutions, and copper-lime dusts. In addition, the recommended 
schedules stipulated- that the first application be postponed until after the 
nuts had been pollinated. Most spraying recommendations included the 
use of two spray guns for each tree—one to spray lower and one upper 
portions of the tree simultaneously. When the trees were sprayed accord¬ 
ing to these recommendations there was usually an accumulation of Bor¬ 
deaux mixture on the leaves, therefore spray or drought injury occurred 
in most orchards during late summer and early fall, especially during 
seasons when the daily distribution of rainfall was less than normal. Cer¬ 
tain growers considered spraying so hazardous that it was practically 
abandoned. 

1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils and Agricultural Engineering, Agricultural Research Administration^ 
U. S. Department of Agriculture, Albany, Georgia. 

552 



1948] Cole : Control of Pecan Scab 553^ 

No injury from fungicides applied as dusts was noticeable but com¬ 
mercial control was not obtained, therefore dustinj*: was likewise abandoned. 

Baker and (^ole (]) sprayed pecan trees ^^^t^4-6-100 Bordeaux mix¬ 
ture before the pistillate flowers were pollinated iwid no injury to the 
flowers or foliage occurred, provided the temperature was above 55° F. 
It had earlier been considered hazardous by most research workers to spray 
in the prepollination stage because of the injury that might result. 

Demaree and Large (7) reported moderate spray or drought injury to 
Sch’ey pecan trees following 4 applications' of 4-5-100 Bordeaux and 
severe injury when 4 applications^f 6-8-100 and 6-16-100 Bordeaux were 
used. The extent of the injury depended upon the distribution of rain¬ 
fall as well as the variety of pecans sprayed. The Schley variety was 
highly sus(*eptible to drought or spray injury. All spray applications were 
made after the pistillate flowers had passed the receptive stages, and two 
s))ray guns were used. 

Wilson and lliinnels (14) report that Ginseng was severely injured 
when sprayed with 3 applications of 6-9-100 Bordeaux mixture in Ohio 
during the summer of 1930, while the seasonal distribution of rainfall was 
less than normal. In tlie final stages of this injury the sprayed plants 
collapsed and died, as if suffering for want of moisture. The writers did 
not describe the type of spray e(piipment used to apply this spray. Neither 
did they state the dosage of Bordeaux mixture applied. 

In 1935 Cole and Large (3), while testing various fungicides, succe'ss- 
fully controlled scab on the very susceptible Schley variety by using only 
one spray gun and making one prepollination application of 4-1-100 Bor¬ 
deaux mixture, followed by 3 applications of 6-2-100 Bordeaux mixture. 
No visible injury resulted to the leaves or nuts. 

Following the j)reliminary successes obtained in 1935, 36 Schley trees 
were randomized in single tree plots of 9 trees each to accommodate 4 
treatments. The trees were given 3 api)lications of one of the following 
sprays in 1936: 6-2-100 Bordeaux mixture, 6-2-100 Bordeaux plus 1 (piart 
summer oil emulsion, or 6-6-100 Bordeaux. Checks were not sprayed. 
These treatments followed one prepollination spray application of 4-1-100 
Bordeaux mixture used uniformly on all sprayed plots. The various Bor¬ 
deaux mixtures were compared in relation to drought or spray injur^^ on 
pecan foliage. These plots were sprayed according to this schedule each 
succeeding year for eleven years. 

Only one spray gun was used to apply the material and the operator 
always stood on top of the spraying machine. Each tree was circled in 
applying the spray and the machine was never stopped. The sprayer 
used had a pump capacity of 35 gal. per min. and was operated by its own 
powTr. The trees were 30 years old when the test was begun and the aver¬ 
age amount of material used was 25 gal. per application and approxi¬ 
mately 100 gal. per season. 
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Table 1 contains a summary of the yield of nuts in pounds and the 
number of orchard-run, cured nuts required to weig:h a pound.*'* 

The yield from trees sprayed with the high-lime (6-6-100) formula 
did not differ significantly from the yields from trees sprayed with the 
low-lime (6-2-100) formula. 

All yields from sprayed trees were highly significantly greater than 
the yields from the unsprayed check trees. 

The differences in the number of nuts per pound between the three 
spray treatments were not significant. However, the difference in weight 

TAP>JiK 1 .—The 11-year mean yields of Schley* pecan nnis in pounds per tree, and 
the number of nuts per pound, ns influenced by the application of various Bordeaux 
nuxtures 



No. of 

Mean yield, 

Mean No. 

Treatment 

trees per 

11). per 

nuts 


treatment 

tree 

perJb. 

I application of 4-1-100 Bordeaux mixture fol* 




lowed by 3 applications of 6-2-100 Bordeaux 
mixture . 

9 

50 

73 

1 application of 4-1-100 Bordeaux mixture fol- 




lowed by 3 applications of 6-2-100 Bordeaux 
mixture plus summer oil emulsion, 1 qt.-lOO ... 

9 

45 

70 

1 application of 4-1-100 Bordeaux mixture fol¬ 




lowed by 3 applications of 6-6-100 Bordeaux 
mixture . . 

9 

42 

72 

Check, no spray ... .. 

9 

18 

107 

Difference required for significance at 5 per cent level . . 

9 

19 

Difference required for significance at 1 per cent level 

♦ 

13 ^ 

25 


« Seliley vnricty, ten trees per acre. 


of the nuts from sprayed trees and from the check trees was significant 
at the one per cent level. 

At no time during the course of this experiment was there any evidence 
of spray or drought injury to the trees in any of the treatments used in 
the test. Apparently the injury formerly reported as “spray’’ or 
“drought” injury was due to the method of application of the material 
which resulted in over-spraying and was not due to the Bordeaux mixture 
used. 

The trees in the plots sprayed with 6-2-100 Bordeaux gave slightly 
higher yields of nuts than those in either the. 6-2-100 Bordeaux plus 
summer oil emulsion or the 6-6-100 plots. Since the first formula is more 
economical than the other mixtures, the 6-2-100 Bordeaux mixture is 
recommended for pecan scab control. 

SUMMARY 

Results are given of spraying tests for eleven years with 6-2-100 Bor- 

2 Acknowledgment is made to J. H. Hunter, Soil Technologist, U. 8. Department of 
Agriculture, Pecan Laboratory, Albany, Georgia, for his assistance in computing the 
statistical data contained in the table. 
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deaux mixture, a 6-2-100 Bordeaux plus summer oil emulsion, and a 6-6- 
100 Bordeaux to control pecan scab, only one spray gun being used so as 
to avoid over-spraying. 

There was no significant difference in yield of nuts resulting from the 
various Bordeaux mixtures used. The differences in yield between the 
sprayed and the unsprayed trees were highly significant. 

Since there was no visible sign of spray or drought injury on any of 
the sprayed trees used in this test, the writer believes the spray injury re- 
I)orted by former workers may be attributed to the method of application 
rather than-to the materials use^. 

Because a 6-2-100 Bordeaux mixture is more economical and pro¬ 
duces slightly higher yields of nuts than either a 6-2-100 Bordeaux plus 
oil emulsion or a 6-6-100 Bordeaux mixture, it is recfommended for pecan 
scab control. 

U. S. Department of AgkiciujTure, 

Pecan Field Laboratory, 

Albany, Georgia. 
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ERGOT AND STERILITY IN BAHIA GRASS^ 

Glenn W. Burton and C. L. LErEBVREZ 
(Accepted for publication March 10, 1948) 

Erj 2 :ot {Claviceps paspali Stevens and Hall) was observed on Bahia 
f?rass {Paspalum notatum Pliif?j?e) at Tifton, Georjria, for the first time in 
1938 and has occurred in considerable abundance every year since. During 
these years most of the infected florets have been filled with ergot selerotia 
and covered with sticky ‘^honey-dew’’ exudate. Only a very few florets, 
however, have been found with selerotia large enough to pry the lemma and 
palea apart and extend beyond them. 

The direct association between ergot and sterility in Bahia grass was 
first observed in five Paraguay x common Bahia hybrids in 1941. These 
hybrids were highly sterile as indicated by their poor seed setting perfor¬ 
mance but were more heavily infected with ergot than either parent. 

Other hybrids produced later gave rise to uniform progenies exactly 
like the female Fi parent, indicating that they were reproducing by apo- 
mixis.'^ An analyses of seed samples taken from each plant within 40 
])lant progenies of these hybrids revealed that the hybrids differed signifi¬ 
cantly ill the percentage of florets producing selerotia.*'* A correlation 
coefiScieut of - 0.86 was obtained between the average percentage of florets 
setting seed and the average percentage of florets producing selerotia for 
these hybrid progenies, indicating that the percentage of selerotia in¬ 
creased as the fertility of the hybrid progeny decreased. Since each of 
the hybrid progenies supplying the mean values for the correlation were 
different in appearance, they might have differed in ergot resistance, 
sterility, or both. Hence, it was impossible to ascertain whether the 
greater susceptibility to ergot prevented seed setting or the greater steril¬ 
ity allowed more selerotia to be formed. 

In 1941, a single male sterile plant was found growing in a progeny of 
192 white stigma common Bahia plants. This individual differed from the 
other 191 plants only in its male sterility. Since the progeny was be¬ 
lieved to have arisen by apomixis and the male sterile plant to have orig¬ 
inated by mutation, it seemed highly probable that the gene complex of 
the male sterile was identical with that of the other 191 plants except for 
the gene or genes causing male sterility. The failure of Pi hybrids be¬ 
tween the male sterile and fertile plants to segregate made it impossible to 
ascertain the number of genes responsible for the male sterile mutant.^ 

* The male sterile Bahia plant set no seed except when pollinated and 

1 Cooperative investigations at Tifton, Georgia, of the Division of Forage Crops and 
Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural 
Besearch Administration, U. S. Department of Agriculture, the Georgia Coastal Plain 
Experiment Station, and the Georgia Experiment Station. 

2 Senior Geneticist and Pathologist, U. S. Department of Agriculture. 

8 Burton, Glenn W. Studies of the method of reproduction in common Bahia grass, 
PaspaHiim nofaivm. Jour. Amer. Soc. Agron. (in the press). 
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then produced seed giving rise to many apomictic plants like itself. When 
unpollinated heads of this clone were inoculated with ergot “honey dew’’ 
by smearing “honey dew” droplets on the florets, they became infected 
and produced as much “honey dew” as fertilized heads of its sister plants. 
This observation indicated that ergot development is not dependent upon 
the fertilization of the Bahia grass floret. 

In 1942, twenty-seven male sterile plants and a similar number of fer¬ 
tile sister plants were spaced 3 feet apart so that a male sterile and a male 
fertile plant occurred together in pairs. Seed harvested from each of 



Fig. 1. Ergot ‘‘honey-dew’’ exuding from Bahia grass florets 8 days after arti¬ 
ficial inoculation. 

these plants were analyzed for the percentage of florets containing cary- 
opses and the percentage of florets containing sclerotia. A summary of 
the results showed that the proportions of florets to set seed was 35.7 per 
cent for the male fertile plants and 6.2 per cent for the male sterile plants. 
Only 9.6 per cent of the male fertile florets contained sclerotia while 33.1 
per cent of the male sterile florets contained sclerotia. These differences 
between the male fertile progenies exceeded the 1 per cent level of signifi- 
^cance for both measurements. Since the male sterile and male fertile 
plants should have been genetically the same except for the male sterility 
factor, the differences in the amount of ergot produced by each must have 
been due to their differences in male sterility. This observation suggests 
that care must be exercised in an ergot resistance breeding program lest 
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diiferenees in ergot readings due to sterility dififerences be mistaken for 
genetic differences. 

An explanation for the observed relationship between ergot and sterility 
in Bahia grass can only be suggested at this time. The stigmas of the self 
fertile common Bahia grass usually begin to dry up within 24 hours after 
pollination if fertilization has occurred. When not pollinated, these stig¬ 
mas remain fresh for many days. Consequently, the relative abuudauee 
of fresh stigmas on Bahia grass panicles furnishes a good index of the 
degree of fertilization and the seed set that may be expected later. The 
male sterile Bahia, for example, always shows a much higher proportion of 
fresh stigmas than the male fertile Bahia. These observations suggested 
that delayed pollination might be causing the greater incidence of ergot in 
the male sterile Bahia grass. 

To test the theory a number of male sterile and male fertile florets 
were brought into the laboratory on September 20, 1947. Florets on a 
number of panicles blooming the first day were painted white and those 
opening on the second day were painted pink. All florets not blooming 
by the third day w’cre removed. All florets were heavily pollinated each 
day. Approximately 30 minutes after pollination on the third day all 
panicles were immersed in a water suspension of ergot “honey dew.’’ 
Several unpollinated panicles of the male sterile Bahia were inoculated at 
the same time to check the efficacy of the technique. Eight days later 
“honey dew” was observed exuding from many of the florets on the in¬ 
oculated unpollinated male sterile panicles. See figure 1. Only three 
sclerotia were found in more than 200 florets that were pollinated 30 min¬ 
utes before inoculation. No sclerotia were found in the florets pollinated 
24 and 48 hours before inoculation. These observatioiis suggest that pol¬ 
lination soon rendered the florets impregnable to the attack of ergot. 


DISCUSSION 

The observations reported here would seem to justify the following 
working hypothesis, which may be used to guide future investigations. 
Ergot apparently is capable of attacking and growing upon susceptible 
Bahia grass florets that are sterile because of cytological abnormalities or 
lack of effective pollination. Pollination and fertilization seem to set up a 
mechanism which soon renders the susceptible floret resistant to later at¬ 
tack by ergot. Consequently, only those florets inoculated with ergot be¬ 
fore or soon after effective pollination may become ergotized. 

SUMMARY 

1. Highly sterile Paraguay x common Bahia grass hybrids were much 
more heavily ergotized than either parent. 

2. A correlation coefficient of -0.86 was obtained between percentage 
seed set and ergot abundance in Bahia hybrid progenies varying signifi¬ 
cantly in fertility. 
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n. An apomictic progeny of a male sterile mutant produced over 5 
times as many ergotized florets as a similar progeny of a male fertile sister 
plant compared with it. 

4. Pollination and fertilization were shown to be unnecessary for the 
development of ergot in Bahia grass. 

5. Susceptible Bahia grass florets inoculated and not pollinated pro¬ 
duced many ergot sclerotia. Inoculating 30 minutes after pollination re¬ 
sulted in the production of a few sclerotia. Florets inoculated 24 and 
48 hours after effective pollination developed no sclerotia. Effective polli¬ 
nation resulting in fertilization and seed set seems to soon render the 
florets of Bahia grass resistant to ergot attack. 

U. S. Department of Agriculture, 

Georgia Agriculture Experiment Station, 

AND 

Georgia Coastal Plain Experiment Station. 



A NEW PUSARIUM DISEASE OP LANG (LATHYRIJS SATIVUS)^ 


Vishnu P. Bhides and B. N. Uppal-^ 

(Accepted for publication March 15, 1948) 

A destructive, new wilt disease of lang {Lathyrus sativus L.) appeared 
in the Broach district of Bombay Province, India, in 1935-36 and assumed 
serious proportions in subsequent years. Sin(*e a disease of this type had 
never been reported before, a study of it was undertaken with a view to 
describing its symptoms and determining the cause. The results of a part 
of the investigation are reported here. 

SYMPTOMS OF THE DISEASE 

Lang is an important cold weather crop in the Broach district of Bombay 
Province where 100,000 acres are grown annually. It is regularly cultivated 
in rotation with jowar (Sorghum vulgare L.) and cotton. It is an annual 
and is much prized for its green fodder; its grain is fed to cattle in times of 
scarcity besides its use as a pulse by the poorer classes. Losses from wilt 
are generally 10 to 15 per cent, though fields showing 60 to 70 per cent in¬ 
fection are not uncommon in some years. 

The disease generally appears in late December when the plants are in 
full bloom. Patches of wilted plants appear at this time and these enlarge 
in all directions as the season advances. 

Yellowing of leaves is the first noticeable symptom of wilt in the field; 
it starts with the oldest leaves and proceeds upwards until the whole plant 
is involved. Yellowed leaves become flaccid, droop,-and eventually dry. 
Sterility of affected plants is very common, and if a few pods are already 
formed before a plant bec^omes infected, they never mature and contain only 
a few, shrunken seeds. Discoloration of the vascular system, characteristic 
of Fusarium wilts, is found only in the root system. Partial wilting is 
also a common symptom. When once infected, plants slowly dry up and die. 

In pot-culture in the greenhouse, drooping of leaves is the only symptom 
of wilt in young plants, which die very suddenly. Yellowing of leaves is 
sometimes seen when older plants are infected. Vascular discoloration of 
the root system is present in such plants, whereas young infected plants 
seldom show it. 

PATHOGENICITY • 

The fungus was very easily isolated from roots of infected plants by the 
usual method of planting infected tissue on potato-dextrose agar. Numerous 
isolations were made from wilted plants collected from various localities 
in the Broach district. In the majority of cases, the isolations yielded a 
species of Fusarium which did not produce any pigment or fructification 

1 Taken from a thesis submitted by the senior author to the University of Bombay 
for the Ph.D. degree in Agriculture. 

2 Jjecturer in Plant Pathology and Bacteriology, College of Agriculture, Poona, India. 

•1 Plant Pathologist to Government, Bombay Province, India. 
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on potato-dextrose agar, but showed an abundance of single, ovoid micro- 
conidia and smooth, single, terminal or intercalary chlamydospores. No 
macroconidia were produced on this medium. 

The pathogenicity of the fungus was determined by growing plants in 
steamed river bottom soil that had been infested with a pure culture from 
Ri(*hards’ solution. The infested soil was held in a closed metal bin for four 
weeks and then placed in clay pots disinfested in 5 per cent copper sulphate 
solution. Four seeds were sown in each of twelve pots and held in the 
greenhouse at 23° to 28° C. A comparable number of cultures employing 
steamed, non-infested soil were held in the same greenhouse as a check. 

Wilt appeared when seedling^ were 12 days old, and progressed rapidly 
until about 70 per cent of the plants had wilted in a month. No disease 
appeared in the checks. Isolations from wilted plants yielded a typical 
Fusarium which was identical with the original culture that had been 
placed in the soil. 

RELATION OF TEMPERATURE TO THE GROWTH OF THE FUNGITS 

The temperature-growth relations of the fungus were studied on Richards’ 
agar. Plates of this medium were inoculated with a young culture of the 

TABJjE 1 .—Mean colony diameUr after six days* grotcih on Richards* agar at dif¬ 
ferent temperatures 


Temperature 

Mean colony 
diameter 

Temperature 

Mean colony 
diameter 

°C. 

cm. 

0(7. 

cm. 

0.0 

0.0 

24.5 

4.3 

7.2 

0.0 

27.0 

5.0 

11.1 

0.5 

29.0 

4.8 

15.5 

1.3 

31.0 

3.8 

20.0 

2.0 

33.0 

0.0 

22.0 

4.0 

35.0 

0.0 


fungus and incubated at various temperatures. A sj)ore suspension of the 
fungus was used to inoculate the plates with a standard loop. Triplicate 
plates wTre carried at each temperature and growth was measured as mean 
colony diameter at the end of six days’ incubation. Table 1 show’s the 
results. 

The fungus has a wide growth-temperature range; the optimum is about 
27° C., and the minimum and maximum about 11° and 33° C., respectively. 

RELATION OP SOIL TEMPERATURE TO WILT 

It is well known that soil temperature is a limiting factor for the develop¬ 
ment of Fusarium wilts. The effect of soil temperature on wilt in lang was 
determined by growing it in Fusarium-infested soil maintained at various 
soil temperatures in Wisconsin soil temperature tanks. 

In the first trial, four tanks were set up to maintain soil temperatures of 
20°, 25°, 30°, and 35° C. The daih" fluctuations in every case were not more 
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than ± 0.5° C. ‘Each tank held'six cans of infested soil and one of steamed 
soil as a check. Tweilty seeds of Ian", previously disinfected in a 1: 1,000 
solution of mercuric chloride were then sown in each can. Temperatures, 
both soil and air, were i*ecorded three times a day. 

' Wilt appeared at 25° C. when the seedlinj^s were seven days old and at 
20° aTid 30° when they were 10 days old. The appearance of the disease 
was delayed at 35° C. until the plants were 22 days old. Records of deaths 
were taken every three days, and the test was stopped when no more plants 
wilted. Each surviving plant was then carefully uprooted and its roots 
were examined for vascular discoloration. Those plants with vascular 
necrosis of the roots were classed as infected and the rest as healthy. 

In another trial, five soil temperature tanks were set up to maintain soil 
temperatures of 27°, 30°, 32°, 35°, and 37° C., respectively. AVilt appeared 
when the seedliiijjs were seven days old at 27° C. and when they were 12 
days old at 30° and 32° C., whereas at 37° C. {germination was very poor 

TABLJG 2.— PcrcfTitage of plants with infection at different soil teniperaftires 


Mcjui soil 
temperature 
(°C.) 

No. of 
j)laiits , 

Percentage of wilting observed 

After 10 After 20 After 82 

days days days 

Vascular 
necrosis 
(Per cent) 

19.9 

91 

0.0 

48.5 

09.0 

94.0 

2r).() 

87 

2.0 

i)9.0 

81.0 

100.0 

29.9 

82 

0.0 

18.0 

00.0 

90.0 

84.8 

85 

0.0 

0.0 

9.0 

52.0 

27.0 

158 

2.0 

25.3 

75.5 

85.4 

29.9 

89 

0.0 

12.8 

54.6 

00.9 

32.5 

73 

0.0 

9.8 

12.5 

12.5 

• 34.8 

84 

0.0 

0.0 

0.0 

1.0.0 

37.0 

37 

0.0 

0.0 

0.0 

0.0 


and the resulting plants remained stunted and unhealthy. No wilt appeared 
at this temperature. The survivals were examined as before for root dis¬ 
coloration. The results of these trials are given in table 2. 

The results show that wilt reaches its maximum development at soil tem¬ 
peratures between 25° and 27° C., at which level it is characterized by the 
earliness of attack and the severity of infection. At lower and higher levels, 
the incubation period increases and the severity decreases. These observa¬ 
tions, taken together with the temperature-growth relations of the fungus 
indicate that a positive correlation exists between the growth of the fungus 
and disease development at various soil temperatures. 

These results are similar to those obtained by Gilman (3), Tims (7), 
and Tisdale (8) for Fusarium conglutinans on cabbage, Clayton (1) for 
Fusaritim lycopersici, causing wilt of tomatoes, and Uppal and Kulkarni (9) 
for Fusarium vasinfectum on Crotolaria juncea, 

HOST RANGE 

Plants of several species were grown in soil infested with Fusarium from 
lang to see whether they were susceptible to this parasite. About 50 seeds 
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of each of the following were sown in infested soil held at 25° C. in soil 
temperature tanks (the optimum for disease incidence in lang): swe 0 t:.j)eas 
(Lathyrus odoratus), everlasting peas {Lathyrus latifolius), cabbage (Bras- 
sica oleracea), celery (Apmm graveolens), beet (Beta vulgaris), garden 
peas (Pisum sativum), field peas (Pisum sativum var. arvense), gram 
(Cicer arietimim), and cotton (Gossypium herbaceum). Lang was sown 
as cheek. 

After one month, about 80 per cent of the lang was dead but all plants 
of the other species remained healthy. At the end of two months, every 
plant was uprooted and the roots were examined for discoloration, which 
was absent in all cases except lanfg. These results indicate that the fungus 
is restricted in its parasitism to its own host, as far as the species tested 
are concerned. 

MORPHOLOGY AND CULTURAL CHARACTERS OF THE FUNGT^S 

Growth on various media. The fungus was grown on a number of 
media in order to obtain a complete range of spore forms as recommended 
by Wollenw’eber et al. (10). Synthetic agar, potato hard agar, and Richards’ 
agar were also used as done by Doidge (2). The cultures were grown at 
room temperature (24°--27°C.) in darkness and observations were made 
regularly. Ridgway’s (5) color nomenclature was used to describe the 
colors produced by the fungus. 

No sporodoehia, pionnotes, or sclerotia were produced on any media. 
Microconidia and chlamydospores were produced on all media whereas pig¬ 
ment was evident only on a few media. The results are summarized in 
table 3. 


TABLE 3 .—Growth characteristicff of the fiinguH on different media 


Medium 

Mycelium __ 

Pigment 


Macro- 

(aerial) 

Mycelium 

Substrate 

conidia 

Green bean pod 

moderate 

pale yellow 
green 

none 

few 

Banana peel 

sparse 

pale yellow 
orange 

none 

few 

Steamed rice 

moderate 

white 

faint violet 

none 

Potato hard 

moderate 

white 

none 

none 

agar 

Synthetic agar 

profuse 

white 

pale orange 

none 

Richards^ agar 

profuse 

white 

pale orange 
yellow 

none 

Oatmeal agar 

thin 

white 

cinnamon- 

brown 

none 

Potato-dex- 

moderate 

white 

none 

none 

trose agar 
(2 per cent) 

Potato-dex- 

none 

none 

none 

none 


trose agar 
(6 per cent) 
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Measurements of conidia and chlamydospores. 

Conidia: from three-weeks-old eiiltiire on bean pod. 

0-septate, 70.5 per cent, 7.4 (3.4-10.6) x 3.4 (2.5-5.0) microns. 

1- septate, 20.0 per cent, 15.8 (12.5-17.5) x4.4 (3.8-5.0) microns. 

2- septate, 4.0 per cent, 21.6 (18.8-25.0) x 3.8 (3.0-5.0) microns. 

3- septate, 5.5 per cent, 24.3 (17.5-32.5) x 3.3 (3.0-3.7) microns. 

Conidia: from three-weeks-old culture on banana peel. 

0-septate, 92.0 per cent, (not measured). 

1- septate, 4.0 per cent, (not measured). 

2- septate, rare, (not measured). 

3- septate, 4.0 per cent, 30.3 (25.0-42.5) x4.3 (3.8-5.0) microns. 

Chlamydospores: from one-month-old culture on 2 per cent potato- 

dextrose ajrar. 

9.9 (7.9-15.4) microns in diameter. 

Microconidia are single, hyaline, ovoid or ellipsoid. Macroconidia are 
straight or slightly curved, non-pedicellate, hyaline, and with delicate walls 
and septation. Chlamydospores are single, terminal as well as intercalary, 
produced by the mycelium, rarely in conidia^sphevical, smooth, and rich in 
contents. Conidiophores simple. Sclerotia absent. 

IDENTITY OF THE PATHOGEN 

The presence of terminal and intercalary chlamydospores, delicate walls 
and septation of the macroconidia, and the abundance of single, one celled, 
ovoid microconidia place the Fusarium in the section Elegans; within this 
section, the total absence of sporodochia immediately identifies the fungus 
with the sub-section Orthocera. For a species diagnosis of the fungus, the 
char;icters of value are the absence of pionnotes, non-erumpent stroma, 
simple conidiophores, color on steamed rice, and the size of 3-septate conidia. 
These characters align the fungus with Fusarium conglutiuans Wr. which 
it closely resembles except that it is non-pathogcnic to cabbage and produces 
a faint violet color on steamed rice. 

If color production is considered a major criterion for diagnosis of species 
in this sub-section, the fungus then resembles F. orthoceras App. and Wr. 
The pigment produced is not, however, as intense as that of F. orthoceras. 

Padwdek (4) made a detailed study of 11 of the 12 Orthocera-Fusaria 
using authentic cultures and came to the conclusion that there was no basic 
difference in the two species, Fusarium conglutinans and F. orthoceras. 
These two differ mainly in color production and size of conidia besides 
pathogenicity, but Padwick (4) showed that these two characters are ex¬ 
tremely variable. In his experiments, F. conglutinans and all its varieties 
were non-pigmented whereas F. orthoceras and its varieties could be classified 
into three groups based on color production. A purple color was produced 
by F. orthoceras and its varieties apii and longius, a blue color was produced 
by F. orthoceras var. pisi, and no pigment was produced by F. orthoceras 
var. apii f. 1. Moreover, the colors produced were not necessarily the same 
as’those described by Wollenweber and Reinking (11). 



1948] 


BiIIDE and UpPAL : PUSARIUM ON Lano 


585 


As regards spore size, the non-septate conidia of any of the species 
showed variations which were as great as or greater than those between 
species. As most of the species did not produce any macroconidia, variations 
in this character could not be measured. 

Snyder and Hansen f6) in 1940 formally recommended the merging of 
all the species, varieties, and forms of Elegans-Fusaria (41 in all) into one 
single species, Fusarium oxysporuni Schlect. In order to achieve this, they 
emended the description of F. oxyspornm. The various parasitic members 
of the section Blegans became biologic forms of the master species, and the 
saprophytic, forms were merged with it. They presented experimental evi¬ 
dence to show that the characters that go to differentiate between the sub¬ 
groups of the section Elegans (presence or absence of sporodochia and the 
size of spores) are not stable and hence the absence of justification for main¬ 
taining them. The authors believe that there is no need for such a drastic 
step since it normally is possible to place an Elegans Fusarium in its proper 
sub-group following the key of Wollenweber and Rcinking (11). Moreover, 
since pathogenicity remains a criterion for delimitation of pathogenic forms, 
the proposed change does not improve things a great deal. 

In the present work, the variations in the size of 3-septate conidia is very 
striking. On bean pod the spores measure 24.3 (17.5-32.5) x 3.3 (3.0-3.7) /x, 
whereas on banana peel the measurements are 30.3 (25.0-42.5) x 4.3 
(3.8-5.0) fx. In the key of Wollenweber and Reinking (11) for the Ortho- 
cera-Fusaria, the average measurements of 3-septate conidia for Fusarium 
conglutinans and F. orthoceras are 34x3.5/x and 33x3.5/x respectively, 
a difference that is not significant. The only difference in the two species 
seems to be the absence of color in F, conglutinans, and yet a variety of F. 
orthoceras is non-pigmented. The authors agree with Padwick in his de¬ 
cision to unite the two species as there is no real difference between them. 
It is therefore proposed to describe the lang pathogen as a new variety of 
F. orthoceras with the varietal name lathyri on account of its pathogenicity 
to Lathyrus sativns. A technical description of the fungus follows: 

Fusarium orthoceras App. and Wr. var. lathyri n. var. 

Stroma pale, colorless on most media, cinnamon-brown on oatmeal agar, 
faint violet on steamed rice, non-erumpent. Aerial mycelium colorless, 
sometimes sending out ochraceous strands. Sporodochia, pionnotes, and 
sclerotia absent. Microconidia scattered freely in the mycelium, single, ovoid 
to ellipsoid, measuring on an average 7.4 (3.4-10.6) x 3.4 (2.5-5.0) microns 
and constitute about 90 per cent of the conidia produced. Macroconidia 
rarely produced, mostly 3-septate, straight or slightly curved, with delicate 
walls and septation, non-pedicellate, and measure on an average 27.3 (17.5- 
42.5) X 4.0 (3.0-5.0) microns. Conidiophores simple. Chlamydospores 
numerous, terminal and intercalary, single, smooth, spherical, measuring on 
an average 9.9 (7.9-15.4) microns in diameter. 

This fungus causes a vascular wilt of Lathyrus sativus L. in the Broach 
district of Bombay Province, India. 
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Stromate pallido; sporodochiis, pionnote et sclerotiis deficientibus; micro- 
eonidiis niimerosis, instratis, continuis, ovoideis, 7.4 x 3.4 (3.4-10.6 x 2.5- 
5.0) fi immerosis; macroconidiis raris, 3-septatis orthoceris vel leniter fal- 
eatis, non-pedicellatis, 27.3x4.0 (17.5-42.5x3.0-5.0) /x; chlamydosporis nu- 
merosis, terminalibus et intercalaribus, singulis, "^lobosis, 9.9 (7.9-15.4) /x 
diam. 

Habitat: In disco trunci Lathyri sativi L. Bombay, India. 

SUMMARY 

Wilt in lang (Lathyrus sativns L.) is a destructive disease in the Broach 
district of Bombay Province, India. A new Fuaarium, isolated from wilted 
plants, proved pathogenic to lang grown in soil infested with pure cultures 
of the fungus. 

Yellowing of leaves is the first noticeable symptom of wilt in the field. 
Sterility of affected plants is also common. Discoloration of the vascular 
system is found in the roots only. 

The fungus has a very wide growth-temperature range of ll°-33° C., the 
optimum being about 27° C. 

The pathogen is most destructive at soil temperatures between 25° and 
27° C. At lower and higher levels, the incubation period lengthens and the 
severity decreases. 

In experiments on host range, no infection was obtained on sweet peas, 
everlasting peas, garden peas, field peas, cabbage, celery, beets, gram {Cicer 
arietinum), and cotton (Gossypium herhaceum). 

The fungus compares favorably with Fusaritim congliiiinans Wr. but 
differs from it in the presence of color and its inability to infect cabbage. 
The fungus is made a new ^^ariety of F. orthoceras App. and Wr. because 
of its pigmented character and the varietal name lathyri is proposed for it 
on account of its pathogenicity to Lathyrtis sativus. 

A technical description of the fungus is given. 
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REPORT OF THE 1948 ANNUAL MEETING OP THE 
SOUTHERN DIVISION, THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 

The 1948 Animal Meeting of the Southern Division of The American 
Phj’topathological Society was held in part as a section at the meeting of 
the Association of Southern Agricultural Workers February 12, 13, 14, in 
Washington, D. C. A joint session was held on February 12 with the 
Potomac Division at Beltsville, Md. About sixty Southern plant patholo¬ 
gists were present and over twenty formal papers were presented. 

A business session was held on the morning of February 13, when the 
following officers were elected: 

President, I. L. Forbes 
Vice-President, L. M. Blank 
Secretary-Treasurer, J. L. Lyle 

Titles and abstracts of papers presented follow. 

I. L. Forbes, Secretary-Treasurer 

Varietal Reaction of Oats to Helminthosporium victoriae. Atkins, J. G. and E. R. 
Stamper. Helminthosporium or Victoria blight of oats was first identified in Louisiana 
on oats grown from introduced seed in the spring of 1947 and caused severe losses in the 
1947 crop. Several of the varieties grown in Louisiana have been tested for varietal re¬ 
sistance in field and greenhouse. Artificially infested seed were used in the field test 
while a suspension of inoculum was sprinkled over seed planted in infested soil in the 
greenhouse tests. The i)ercentage of seedlings showing the disease was used in evaluating 
resistance. In the field test Clinton and Nortex were highly resistij-nt; Fulghum, La. 
42-48, Ferguson 922, Alber, Appier, and Camellia were resistant; and Traveler, Letoria, 
Quincy Red, and Victorgrain were highly susceptible. On the basis of greenhouse tests 
the same general trends were obtained as in the field test. In addition, Benton, Hastings 
100 bushel, Nortex 107, and a number of Coheres Hybrids were highly resistant; Lee 
Rustler, Ranger, and Louisiana Red Rustproof were resistant; and DeSota, Fultex, Lega, 
Stanton, Vicland, and Fulgrain were Susceptible. Seed treatments have not given favor¬ 
able results; some of the mercurials have drastically reduced stands when used in excess. 
Preliminary studies indicate that the fungus is found more frequently on or within the 
glumes than on the seed itself. 

Control of Sweet Potato Senrf by Vine Cuttings, Cook, Harold T. Badly scurfed 
sweet potatoes were treated with borax and bedded in sand. The sprouts were pulled from 
half of the bed and vine cuttings (sprouts cut approximately 1 inch above the sand) were 
taken from the other half. Five two-row (285 ft. long) replications of sprouts and cut¬ 
tings were alternated in a field that had been in sweet potatoes as recently as 1945. Data 
were taken at harvest time. Yield of primes per row: sprouts, 187 lb.; cuttings, 234 lb. 
Percentage of scurf free primes: sprouts, 78; cuttings, 97. Scurf severity index: sprouts, 
36.7; cuttings, 6.1. Percentage of plants with scurfed underground stems: sprouts, 53.7 ; 
cuttings, 0.2. The results indicate that scurf infected sprouts were the most important 
source of scurf and that scurf free potatoes may be obtained by planting vine cuttings. 

Anthracnose of Blu^ Lupine Is Seed-borne, Decker, Phares. Anthracnoso {Glo- 
nwfella cingulata) was reported from Florida in the fall of 1943 and 1946 as attacking 
lupine seedlings. During the spring of 1947 anthracnose was common in western Florida 
and southern Alabama, where it caused a material reduction of the seed crop. Stems, 
leaves, and seed pods were attacked and many seeds failed to develop. Seed lots from 
the combine contained from 4 to 10 per cent infected seeds after passing through the 
cl^ner. Seed that bore acervuli filled with spores were taken from the warehouse in 
October and planted in the greenhouse. An average of 40 per cent of the infected seed 
liroduoed ^edling plants of which 75 per cent developed normal seedlings while 25 per 
cent bo cotyledons but failed to develop true leaves. Typical anthracnose lesions ap- 
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peared at or above the cotyledon attachment and on the leaves in 21 days. In a few days 
numerous acervuli filled with spores appeared in the lesions. None of the ten chemical 
seed-treating materials tested in the greenhouse prevented seedling infections from the 
seed-borne inoculum. 

Breeding of Eggplants for Besistance to Phomopsis Blight. Decker, Phares. In 
1940 two strains of eggplants, Pegan and Bengan, from India, were reported to be re¬ 
sistant to Phomopsis verans (Saec. & Cyd.) Harter. These strains produce green to yel¬ 
low fruit and bear large spines on the stems, leaves, and calyxes. No infected plants of 
these strains have been observed in the field, but successful inoculations have been made 
in the greenhouse. Crosses with the commercial varieties have produced diseas^e-resistant 
hybrids without spines and with purple colored fruit. Fruit of the majority of the 
Fx plants had the purple color of the commercial varieties, but a range of fruit colors, 
green to purple, was found in the Fa and first backcross generations. Selections from the 
progenies through the F^ and fifth backctosses do not produce uniformly purple-colored 
fruit and- disease resistance is largely lost by the fifth backcross. Crosses between 
selected hybrids appear to offer some promise in fixing a true-breeding, disease-resistant, 
purple fruited variety of eggplant adapted to Southern conditions. 

Buckeye Bot-Besistant Tomatoes. Felix, E. L. Fruit of the following 11 tomatoes 
proved highly resistant to buckeye rot, caused by Phytophthora parasitica-terrestris, 
in natural and artificial inoculations at the Tennessee Agricultural Experiment Station; 
Yellow Pearj Fargo Yellow Pear; U. S. Regional Vegetable Breeding Laboratory Nos. 
T244-0-1-4, T244-5-3, T244-10-3, T244-2-10-2, T7-013-^-52 (P.I. 79532 selection), 
T510-51 (P.I. 126923-51 selection), T994-51 (P.I. 126934 selection), T6-02-M6; and 
apparent segregates of Sherbakoff ^s 57 x Oxheart. Resistant fruits range from about 
i to 2 inches in maximum diameter; from round to oblong, pyriform, and papillate; from 
moderately thin- to very thick-skinned; and they are either red or yelloAv. Sherbakoff ^s 
cross (No. 57 x Oxheart) from the standpoint of fruit size and resistance to buckeye rot, 
as well as resistance to Fusarium wilt, appears to be the most promising for further 
development. Sherbakoff’s 57 is a highly wilt-resistant red segregate from Fg seed of 
Tucker ^s 9-^08-9 (Earliana x currant) x Break O’Day x Bison xBison x Break O’Day. 

Preliminary Studies in the Control of Strawberry Fruit Bots by Fungicides. Felix, 
E. L. Seven fungicides were applied to strawberries in 1 to 4 applications, at 5 to 7-day 
intervals, beginning 1 week after blossom appearance and ending 1 week before harvest 
began, in a series of 95 small plots, protected against drift, at Knoxville, Tennessee. 
They were copper carbonate 13 and 0.42 per cent, Phygon (2,3-dichloro-l,4-naphtho¬ 
quinone) 4 and 0.12 per cent, Fermate (ferric dimethyldithiocarbamate) 7.5 and 0.24 
per cent, and Mycoban (sodium propionate) 16 and 0.5 per cent, respectively, as dusts 
and sprays; Tribasic copper sulphate 14 per cent and Spergon (tetrachloro-para- 
benzoquinone) 7.5 per cent as dusts; and Dithane D-14 (disodium ethylene bisdithio- 
carbamate hexylhydrate) 0.75 per cent spray. All si>rays, except Phygon wettable, 
contained 0.00125 per cent Triton 1956B as wetting agent. Rates of application were 40 
lb. of dust and 150 gak of spray per acre. Not any of the fungicides, as tested, appear 
I)romising for strawberry fruit rot control, except possibly copper carbonate against 
Botrytis gray mold, which comprised only about 12 per cent of the total rot. None 
seemed to affect yield, although Dithane, Phygon, copper carbonate, and Tribasic copper 
sulphate resulted in slight foliage injury. Dithane, even in a single early application, 
decidedly impaired the flavor of fresh strawberries harvested throughout the season. 

Interaction of Nitrogen Fertilisation and Powdery Mildew on Yield of Wheat. 
Hebert, T. T., W. H. Rankin, and G. K. Middleton. Nitrogen topdressing of wheat 
in early spring is recommended in North Carolina. Since tWs practice increases the 
amount of powdery mildew on wheat, it became of interest to determine how this increase 
in mildew affects the yield increases obtained from the use of nitrogen. In two experi¬ 
ments nitrogen was applied at different times on plots where mildew was controlled by 
dusting with sulfur and on undusted plots in a split-plot design. The experiments 
were carried out on sandy loam soil, relatively low in nitrogen, and to which an adequate 
supply of phosphorus, potassium, calcium, and magesium had been added. 

Since the results were similar for the two experiments, only one will be discussed 
in detail. A highly significant interaction was obtained between nitrogen fertilization 
and mildew control. Dusting had very little effect on yield where no nitrogen was applied 
or when 45 lb, nitrogen was applied at seeding time (Oct. 24); but when this amount of 
nitrogen was applied as a topdressing in the spring, the dusted plots yielded as much as 
40 percent more than the undusted plots. The Feburary 1 application of nitrogen gave 
a significantly higher yield than the March 1 application in the undusted series, but 
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fell slightly below it in ,^he dusted series. Also, the use of nitrogen at seeding time 
produced as high a yield as its application in March in the undusted series, but gave 
definitely inferior results in the dusted series. Thus the presence of mildew on wheat 
may affect both the optimum time for application of nitrogen and the response to 
nitrogen. 

A Crown Bot of Alfalfa Caused hy Colletotrichum trifolii. Henderson, R. G., and 
T. J. Smith. During the summer and early fall of 1947 dying alfalfa plants were 
observed in a number of fields. An examination of these plants revealed a stem and 
root rot progressing downward from the crown. The diseased tissue was yellowish-brown 
to reddish-brown. It appeared that the infection entered the crown through a shoot or 
stubble and then involved the entire crown and tap root. Isolations from the diseased 
tissue consistently yielded Colletotrichum trifolii. Lesions were on the shoots but 
were not conspicious. Acervuli could usually be found, but in many instances sporulation 
was sparse. Although anthracnose crown rot, has not been identified in many alfalfa 
fields over the State, it was observed causing extensive damage at widely sei)arated points. 
It is known that summer killing of alfalfa by unidentified diseases is of major importance 
in maintaining stands. The association of C. trifolii with this type of injury strongly 
suggests that anthracnose may be of greater importance on alfalfa than previously 
thought. 

Belative Susceptibility of Alfalfa Varieties to Certain Foliage Diseases. Hendj^rson, 
R. G. and T. J. Smith. Severe defoliation of alfalfa occured in many fields in southwest 
Virginia in 1947. In July and August Stemphylium leaf spot (Stemphylium botryosum 
Wallroth) predominated, while in October and November Pseudopeziza leaf spot 
{Ts€udop€ 2 si 2 a medicaginis (Lib.) Sacc.) was the most important. There appeared to be 
a distinct difference in the amount of defoliation on different varieties. Plots of 
varieties were examined carefully on July 3 and on October 2 and each plot scored 
according to the severity of the leaf diseases. A disease index on the basis of the 
maximum defoliation being scored 100 was then calculated for each variety on each 
date. On July 3, Ladak and Hardistan varieties had the greatest amount of diseased 
foliage and were given a disease index of 88, and 70, respectively. The Ranger variety 
was intermediate with a disease index of 60. The varieties with the lowest disease index 
were Williamsburg 23, Kansas Common 23, Buffalo 27, A-14 27, and Hardigan 31. On 
October 2, the scores for the several varieties followed the same trend as those obtained 
earlier. The varieties Ladak and Hardistan had the greatest amount of disease. 
Raikger was intermediate, and Williamsburg, Kansas Common, Bu^alo, A-14 27, and 
Atlantic were the least affected. Pseudopeziza leaf spot and black stem {Ascochyta 
imperfecta Peck.) caused progressively greater defoliation on all varieties during October 
and November. Individual pidnts in certain varieties remained remarkably free of 
defoliation and suggested that more highly resistant strains could bo selected out of the 
standard varieties. 

Soil Fumigation for Cigar-Wrapper Tobacco in Florida. Kincaid, Randall R. 
Soil fumigation tests were conducted at the North Florida Experiment Station in 1947, 
using dichloropropeno-dichloropropane mixture at the rate of 20 gal. per acre and 
ethylene dibromide (10 per cent weight) at 30 gal. per acre. Applications were made 
in January, nearly 3 months before transplanting. The treated tobacco crop showed the 
following results, as compared with an untreated crop: Substantial reduction in root 
knot and coarse root (nematode root rot), increases in yield ranging from 200 to 400 lb. 
per acre, and no important differences in grade and fire-holding capacity of the leaves. 

Besults from Dusting Soybeans with Copper in W47. Lehman, S. G. and J. H. 
Graham. Three varieties of soybeans, Ralsoy, Ogden, and Roanoke, were dusted six 
times at approximately 8-day intervals with a mixture* consisting of tribasic copper 
sulphate equivalent to 7 per cent metallic copper, 10 per cent wheat flour, 3 per cent 
DDT, and 80 per cent Cherokee Clay. Control plots received the same dust devoid of 
copper. Only light to moderate damage from bacterial diseases occurred during the 
summer; as the plants reached the peak of the vegetative period, severe damage occurred 
on leaves from a disease not fully identified as to cause. Disease scores calculated on 
October 1, five weeks after the final dust application, showed 27.6 per cent of diseased 
leaf area on control plots. On plots receiving 30, 60, and 90 lb. copper dust per acre at 
each application, diseased leaf area was reduced to 19, 12, and 11 per cent, respectively. 
Mean yield of the three varieties on the control plots was 27.0 bushels per acre. Plots 
3^eivinf 30, 60, and 90 lb. copper dust yielded 32.6, 32.6, and 32.7 bushels, Tespectively. 
A yield increase of 6.6 bushels per acre resulted from use of copper dust. Least increase 
t'equire^ffor significance at the one per cent level was 6.1 bushels. 
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Soybean Seed Treatment Testa in North Carolina in 1347. Lehman, S. G. and j. n. 
Graham. After preliminary germination tests of treated and untreated soybean seed 
in steamed sand in the greenhouse, ten lots were selected for field testing. These included 
paired lots grown from the same parental seed in widely separated areas, McCullers and 
Plymouth, where weather conditions differed markedly during the ripening and harvesting 
period. Three aliquots of each lot were planted, one untreated, one dusted witli Arasan, 
(tetramethyl thiuram disulfide), one with Spergon (tetrachloro parabenzoquiiione). 
Three plantings, early, medium, and late were made. The mean increase from Arasan 
was 41, 80, and 8 per cent, respectively. Emergence of nine lots was increased and 
diseased seedlings decreased more by Arasan than by Spergon. Seed produced at 
McCullers gave high emergence and few diseased seedlings while seed from Plymouth 
gave relatively low emergence and many diseased seedlings in. both field and greenhouse 
plantings. Emergence was negatively correlated with seed borne infection. Emergence 
from both untreated and treated seed was lower in the field than in the greenhouse. 
However, the difference from treated seqj was only about one-half that from untreated 
seed. Field performance of seed lots can be more accurately predicted from preliminary 
greenhouse germination tests if treated seed are used and proper appraisal is made of 
beed infection. 

A Special Method of Isolating Thielavia basicola from Tobacco Roots. Lucas, G. B. 
The ascomycete Thielavia basicola is found frequently on tobacco roots infected with 
the black root rot fungus Thielaviopsis basicola. Repeated attempts to isolate the 
Thielavia re:;ulted in failure even though numerous media and techniques were tried. 
However, if roots containing perithecia of Thielavia are washed in tap water and 
incubated at 37® C. on Richard ^s agar with filter paper as a carbon source (instead of 
sucrose) the fungus can be isolated from a high percentage of the roots. 

The Occurrence of Texas Root Rot of Cotton in Louisiana in 1347. Neal, D. C. 
Phymatotrichum omnivorum root rot of cotton was found in Louisiana for the first time 
on August 12 in Bossier Parish, the location being on Highway 10 about four miles 
north of Bossier City and east of Red River. Approximately 30 acres of land, embracing 
two separate fields, are infested at this location, and, in addition to cotton, the dijease 
also was found attacking carrots, beans, and turnips. In a survey conducted with the 
Parish Agents of Caddo and Bossier Parishes from August 26 to 28, the disease also was 
located on August 26 near Dixie, Louisiana, in Caddo Parish about 18 miles north of 
Shreveport and 2 miles west of Highway 71 close to the west bank of Red River. The 
infested land at Dixie comprises approximately 4.5 acres, with cotton and sweet potatoes 
affected. Considering the acreage involved, the damage to crops at both locations is 
severe, the mortality in cotton being about 85 per cent and the truck crops only slightly 
less. All of the other Red River alluvial—neutral to alkaline soils—of the State, 
including the Parishes of Pointe Coupee, Avoyelles, Rapides, Grant, Natchitoches, Red 
River, and the southern portions of Caddo and Bossier, were found to be free of root 
rot, but in some of these j)arishes cotton rust (potash himger) was widespread and 
causing high losses. .With respect to root rot, it appears that the disease on the two 
properties in Caddo and Bossier Parishes has been j)resent for many years and may 
have been mistaken for cotton rust. 

The Effect of Calcium' and Other Ions on the Early Development of the Radicle of 
Cotton Seedlings. Presley, John T. and O. A. Leonard. Considerable difficulty has 
been experienced in growing cotton seedlings with healthy radicles for laboratory experi¬ 
ments. The unhealthy condition of the radicles was at first considered to be the result 
of bacterial breakdown, but when every precaution was taken to maintain aseptic con¬ 
ditions the breakdown still occurred. Tn an effort to determine the cause of the break¬ 
down, experiments were performed in which the effects of moisture tension during the 
germination period, aeration, temperature, and the concentration and kind of ions added to 
the solutions were studied. Seedlings that germinated under high moisture tension were 
especially susceptible to breakdown. Aeration or temperature had no definite effect upon 
the breakdown, but elongation of the radicles was markedly affected by temperature. 
The concentration and kind of ions added to the solutions had a pronounced effect upon 
the development and health of the radicles. Calcium salts, 0.001 to 0.004 M, added to 
the water in which the seedlings were placed resulted in a high percentage of healthy 
radicles. Salts of magesium, sodium, or potassium, 0.001 to 0.004 M, added to the 
water, singly or in combination, appreciably hastened the breakdown of radicles. The 
two conditions necessary for producing cotton seedlings with healthy radicles are 
adequate moisture during the germination period and adequate calcium during the early 
stages of growth. 
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Bacterial Canker of Cowpeas in Oklahoma, Preston, Dudley. The most devastating 
disease of cowpeas in Oklahoma is bacterial canker, caused by Xanthomonaa vignioola 
Burkh. This disease occurs throughout the cowpea growing area of the south. The 
pathogen is carried within the seed, and is spread in the field by moisture propelled by 
wind. Chemical seed treatments tested gave no control. Possibility of control was 
definitely linked with the use of resistant varieties, such as Brabham, New Era, Qroit, 
Iron, Victor, and others. Chinese Red is the most susceptible Variety under Oklahoma 
conditions. 

Helminthoaporium carhonum in Virginia. Roane, C. W. and C. F. Center. Hel- 
minthoaporium carhonum race 1 was observed on corn in Virginia for the first time in 
1947. Seed of inbred K44 obtained from Indiana was planted in an isolated block with 
K41 to make the single cross K44 x K41. Diseased K44 plants were first observed in 
middle August and by September all K44 plants had been attacked and were turning 
brown. The ears at harvest were severely damaged. All K41 plants remained green 
throughout the season. In an inbred nursery 1.5 miles away, infected ears of lines 
C.I.5, Ky.35~7, and P-8 were found. No further evidence of the disease in the field 
was observed, but greenhouse tests show that seedlings of many other inbred lines may 
be infected with the disease. 

Breeding Wheat for Resistance to Leaf and Stem Rusts in Tennessee. Sherbakopf, 
C. D. The breeding was initiated in 1937. In 1938, rust-resistant wheats—(?eres x H-44, 
Hope X Hussar, Kenya, Minturki, and Supreza, and 8 rust-susceptible varieties—Jlonor, 
Jones Winter Fife, Leaps, Oro x Turkey/Florence, Shepherd, and 3 local ones were crossed 
in all possible combinations. The F^ seedlings were vernalized and, in 1939, the F* 
plants which looked most promising just before the time for making crosses were 
used to make 17 double- and 54 back-crosses to 13 soft wheats. In 1944, some of the 
rust-resistant segregates were backcrossed to 10 soft wheats—Yorkwin, Currell, Thorne, 
Trumbull, Hardired 5, and 5 local selections. The segregates were first judged by the 
field performance of single plants in head rows, in blocks of single-plant progenies, then 
in rod rows, and finally in standard yield-plot tests. The results to the present time 
have only begun to show practical benefits, since a number of the new wheats have 
just reached formal yield-test and increase stages. The greatest number of promising 
segregates came from crosses of Supreza x Hope-Hussar by Honor and by Head 129. 

Spraying and Busting for Control of Onion Mildew in Louisiana. Tims, E. C. 
Mildew is very destructive in the State on onions grown for seed as well as those grown 
for* bulbs. However, the disease does not develop in epidemic proportions every year. 
For the past four years (1944-1947 inclusive) some control tests have been conducted for 
onion mildew, The following spray materials were used in one or*more tests: Bordeaux 
mixture alone and combined with DDT (dichlorodiphenyl trichloroethane), Spergon 
(tetra chloro benzoquinone, wettable), Fermate (ferric dimethyl dithiocarbamate 70 per 
cent), Puratized N5D (phenyl inecuri triethanol ammonium lactate), Tribasic copper. 
Lime-sulphur, Zerlate (70 per cent zinc dimethyl dithiocarbamate), Dithane D-14 
(active ingredients disodium ethylene bisdithiocarbamate 25 per cent, inert 75 per cent), 
COGS, and Phygon (technical 23 Dichloro-1-4 naphthoquinone—98 per cent, inert 2 per 
cent). One copper dust was used that contained 7 per cent metallic copper and 2 per cent 
mineral oil in Bentonite. None of these materials gave any effective control of mildew 
on bulb onions, but in one test Bordeaux mixture reduced the amount of mildew in 
seed onions. The copper dust also showed some promise on seed onions in the 1947 te^ts. 

A New Fusarium Wilt of Sumac. Toole, E. R., W. C. Snyder, and G. H. Hefting. 
A new vascular wilt of staghorn sumac (^Rhus typhina) was discovered on the Blue Ridge 
Parkway, near Waynesboro, Virginia, in 1946. Numerous clumps in a 5-acre field were 
dead and dying, and the disease appeared to be of recent origin. Further scouting in 
1947 disclosed the fact that the wilt occurred for a distance of about 10 miles along 
the Parkway in this area. The disease is characterized by wilting and sometimes 
yellowing of the foliage, followed by death of the wilted plants. The vascular tissue 
of roots and stems has a brown discoloration typical of Fusarium wilts. A form of 
Fusarium oxyaporum was consistently isolated from affected plants. Thirteen 1-month- 
old seedlings were inoculated in the greenhouse. All of them wilted within 2 months, and 
the fungus was reisolated from the vascular tissue of all of them. Check plants remained 
healthy. 

Effects of Inoculations with a Fusarium on Gum Flow from Naval Stores Pi/nes. 
True, R. P., and A. G. Snow, Jr. Isolates of Fusarium lateritium from pitch cankers 
on Pinus oarihaea prolonged gum flow from P. oaribaea (slash), and P. palustris (long- 
^af). 'Jhe rate of flow from untreated wounds, made in commercial turpentining 



1948] 


Southern Division Report 


573 


operations, is reduced considerably after 5 days. With Fusarium inoculations made ,in 
the spring, gum flow ivas maintained without appreciable reduction for 3 to 4 weeks for 
longleaf and 6 to 8 w^eeks for slash. Reinoculations made at different seasons and at 
different distances above the first wounds have failed to maintain the original gum flow 
rate. Inoculations made later in the season on additional trees were partiaTly successful 
only on slash pine. 

Soil Treatment Control of Fusarium Wilt and Nematodes of Cotton. Smith, A. L. 
Two-year studies with Dowfume W-10 (10 per cent ethylene dibromide by volume) 
indicate practically complete control of wilt and nematodes was obtained by applying 
30 to 37 gal. of this material per acre. The acre yield of Coker 4 in 1-7 cotton was 
increased from 367 to 1067 lb. and of Deltapine 14 cotton from 64 to 904 lb. of lint in a 
test on Catawba fine sandy loam, deep phase, in 1947. This amounts to 191 per cent and 
1312 per cent increase for treatment, respectively. The percentage of wilt was reduced 
from 52.7 to 1.8 and from 96.8 to 3.2 for the same varieties. Coker 4 in 1-7 is 
comparable to most available wilt-resistS-nt commercial varieties, while Deltapine is 
rather susceptible. A second test on six varieties in 1947 with the Dowfume applied at 
the rate of 12.5 gal. per acre in the rows gave slightly less control of wilt and nematodes. 
A highly susceptible variety. Hurley’s Rowden, was not adequately protected. Miller 
610, Dixie Triumph 366, Cook 142, and Coker 4 in 1-7 with varying amounts of wilt 
resistance, gave yields comparable to those obtained from the heavier rates of application. 



REPORT OF THE FIFTH ANNUAL MEETING OF THE 
POTOMAC DIVISION OP THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 

The meeting was held on February 11 and 12, 1948, at the U. S. Plant 
Industry Station, Beltsville, Maryland, with approximately 100 members 
and guests in attendance. Thirty research papers were presented. All of 
the papers in the afternoon session of February 12 were given by visiting 
members of the Southern Division. This was followed by a dinner and an 
illustrated talk on * ‘ Agricultural Potentialities in Alaskaby Dr. Olaf 
Aamodt. 

OfiScers elected for 1948-49 are as follows: President, W. P. Jeffers; 
Vice-President, C. L. Lefebvre; Secretary-Treasurer, J. B. Demaree; Coun¬ 
cilor, Paul R. Miller. 

William W. Diehl, Secretary-Treasurer 

ABSTRACTS OF PAPERS 

Association of Gihherella zeae and Helminthosponum sativum as Related to the 
Development of Wheat Headhlight. Andekson, A. L. (^onidia of Helminthosporium 
sativum germinated only 50 per cent, with short knobby germ tubes, when mixed with 
Gibberella zeae. This reaction occurred only when high concentrations of spores (at 
least 10® spores per ml. of water) were used; normal germination occurred’ at lower con¬ 
centrations of G, zeae. Furthermore, G. zeae colonies inhibited linear growth of U. sativum 
in culture. No inhibition of seed infection by //. sativum on wheat heads resulted from 
inoculum consisting of equal mixtures of G, zeae and H, sativum; thus at 240-25° C. an 
equal number of seeds became infected with each fungus after the application of mixed 
inoculum containing 10«'* or 10® spores of each pathogen. When inoculum consisted of 
many spores of one pathogen plus a few of the other, infections by the latter were sup¬ 
pressed. For instance, inoculum consisting of 10® spores of H. sativum and lO"’ spores 
of G, zeae resulted in only 8.9 per cent ef the seed becoming infected with G. zeae as 
compared to 32.2 per cent vdth 10® spores of G. zeae alone. That G, zeae did not 
preclude H, sativum seed infection is duo probably to the lower number of spores per unit 
area of host tissue as compared to the concentrations used in the germination studies. 

The effect of temperature and relative humidity upon the viability of the conidia of 
Piricularia oryzae. Anderson, A. L., B. W. Henry, and T. L. Morgan. The conidia 
of Piricularia oryzae retained viability best under cool, dry conditions in storage experi¬ 
ments in which the relative humidities were controlled with sulfuric acid solutions. 
Approximately 75 per cent of the conidia were viable after 12 months storage at 8° C. 
and 20 per cent relative humidity. At higher relative humidities (45, 70, and 95 per cent) 
the loss in viability was rapid at all temperatures. For example, after 5 months in storage 
viable conidia were present only in those samples stored at 8° C. (all relative humiditi^) 
and at 20 per cent relative humidity at the other temperatures (20°, 28°, 32° C.). The 
number of lesions produced per plant by conidia stored for a 5 month period varied in¬ 
versely with the temperature and the relative humidity during storage, being greater on 
those plants inoculated with conidia stored under cool, dry conditions. These tests also 
indicated that the percentage germination of the conidia was not a satisfactory method 
for predicting spore infectivity since conidia stored at 8° C. and 95 per cent relative 
humidity, having then 50 per cent viable cells, were unable to cause appreciable infection. 

Two Additional Mosaic Diseases of Iris, Brierley, Philip, and Floyd E. Smith. 
The common mosaic of bearded iris is readily transmitted to Belamcanda chinensis by 
leaf-rubbing and by Myzus persicae, producing a well-defined systemic mottling. The 
efficiency of transfer makes this plant useful for indexing bearded iris. The previously 
described mosaic of bulbous iris, transmissible by the same means, does not infect 
Belamcanda, nor does the bean yellow mosaic from gladiolus. A more virulent mosaic 
from Jt* j^rta and I, avrea, both of the section Apogon, is transmissible to Belamcanda 
by leaf^bbing and by Myzus persicae, killing this test plant consistently in about 30 
‘ days ., JThis virus is readily superimposed on previously established non-lethal bearded 
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iris] mosaic in Jitlamcanda, with the same fatal effect. The three iris viruses and bean 
yellow mosaic are transmissible to bulbous iris seedlings by leaf-rubbing or by Myzus 
petmcacy inducing current-season symptoms from early inoculations, and can be reisolated 
imsuitable lest plants. Only the bearded iris mosaic nas been traiibinitted to bearded iris, 
and only the bean yellow mosaic to Vida faba. All except the Ina spuria mosaic are 
inicctious to gladiolus seedlings. Properties of all thrse ins viruses have not been deter- 
mitied satisfactorily, but appear to be similar, as are the vector relations of these viruses. 

4 , Natural Infection of Solanum dolcamara by Phytophthora infestans, Cox, Carroll 
K.V Solanum dulcamara L. naturally infected by Phytophthora infestans was found in 
Maryland on July 10,1947. The diseased plant was growing on a fence around a garden in 
which tomatoes and potatoes were also affected by the late blight fungus. The pathogen 
was sporulating in foliage lesions on all three suscepts, but less abundantly on S. dulcamara 
than on the other two. 8porangia and sporangiophores from the three suscepts appeared 
identical microscopically. Inoculation of detached, healthy leaves in the laboratory showed 
that sporangia, from each of the three suscepts were equally capable of producing infection 
of tomato, S. dulcamara, petunia, and pepper, and all failed to cause infection of S, 
carolinense L. and tobacco. The appearance of lesions and the degree of sporulation on 
the various leaves inoculated were the same regardless of source of inoculum. The patho- 
gep, naturally infecting these three suscepts was, therefore, believed to be the same. 
The possibility exists that S. dulcamara may function as an overwintering suscept for 
P. infestans in Maryland. 

Organic Fungicides in the Control of Certain Shade and Ornamental Tree Diseases, 
Davis, Spencer H. Studies were conducted at The Morris Arboretum at Philadelphia, and 
in Delaware, using Bordeaux 8-8-100, Zerlate (zinc dimethyldithiocarbamate) 1^-100, 
Fermate (ferric dimethyldithiocarbamate) 1^-100, Parzate (zinc ethylene bisdithio- 
carbamate) 1^-100, Bioquin 1 (copper-8-quinolinolate) l-lOO, and Puratized (phenyl 
mcrcuri triethjinol ammonium lactate) 1 pint-lOO. Leaf blotch {Guignardia aesculi) of 
horsechestnut and buckeye was controlled with Bordeaux, Zerlate, and Parzate, while 
Formate and Puratized gave only slight control. Zerlate, Parzate, and Puratized con¬ 
trolled leaf spot {Gnomonia ovata) of hickory; Fermate failed. Fermate controlled 
anthracnose (Gleosporium fructigenum) on sassafras. Bioquin 1 and Parzate gave ex¬ 
cellent control of leaf blight (Entomosporium maculatum) of pear. Leaf blight 
(Entomosporium thuemenii) of English hawthorn was controlled by Bordeaux, while 
Puratized gave control only until mid-summer. No twig blight (Sphaeropsis sp,) was 
present in red oak treated with Bordeaux or Puratized. Parzate only slightly controlled 
anthracnose (Gleosporium apocryptum) of maple. Twig blight (Myxosporium sp.) of 
dogwood was not controlled by any treatment. Control of tip blight (Sphaeropsis ellisii) 
of Austrian pine was erratic with all treatments. Puratized failed to burn-out quince 
rust (Gymnosporangium clavipes) on cedar. The only injuries were: Bordeaux caused 
necrotic spotting of leaves and petioles on horsechestnut, English hawthorn, and red oak; 
Puratized caused leaf fall of sour gum (Nyssa sylvatica) and retarded fall coloration of 
sour gum and dogwood. 

A Gall Disease of Blueberry Caused by a Bacterium. Demaree, J. B., and Nathan 
R. Smith. Galls resembling those caused by the crown gall organism (Agrobacterium 
iumefadens) on woody plants have been reported on blueberries from Michigan, New 
Jersey^ New York, and Oregon. Occasionally the disease becomes serious in blueberry 
nurseries. The galls most frequently develop on small lateral shoots near the ground. 
Sometimes the main stems become infested. A bacterium was isolated from galls col¬ 
lected in New Jersey and Oregon and has been determined provisionally as an Agrohac- 
terium, probably a strain of A. tumefaciens, formerly called Phytomonas tumefaciens. 
This organism readily infected blueberry plants when inoculated in wounded young shoot 
tissues, and caused large rough galls. It caused moderate-size galls on tomato plants, 
and was slightly pathogenic in tobacco, ragweed, and cranberry, but failed to infect 
Kal^nchoe, Azalea, strawberry, Ipomoea, and Convolulus. It was lethal to young aster 
plants. 

Camellia Wilt and Boot-rot, Gill, D. L. A wilt and root-rot disease of Camellia 
japonica L. has been frequently observed for the past 2 years, particularly in plants 1, 2, 
and 3 vears from cuttings, growing in coldframes and beds. The first symptom noticed 
is a yellowing of the foliage follpwed by wilting and death of the plant. This is preceded 
by browning and rotting of the roots and in some cases discoloration of the base of the 
plants. Branches only may die when part of the root system is killed and new roots are 
formed. Losses range from 10 per cent to practically 100 per cent. Plants not killed 
show marked stunting. Phytophthora cinnamomi Rands has consistently been isolated 
from diseased plants. Inoculations resulting in infection and reisolation have been made. 
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This fungus has also been obtained from roots of old plants showing dying back of tthe 
branches and sudden wilting of the plant. The disease is favored by moist conditions. 
The varieties Pink Perfection, Prince (Eugene) Napoleon, Pope Pius IX, Hermes, |nd 
Imura are severely affected while Prof. (C. S.) Sargent and Debutante are much Hss 
affected. This disease has not been positively identified on any variety of Cametjia 
msanqua Thumb. 

Yield Response of Vegetable Plants Sprayed with Dithiocarbamate Fnngicikfs. 
Heuberqer, J. W. Besearch data obtained over a five-year period in Delaware show ^nat 
tomatoes, potatoes, cantaloupes, and cucumbers (for pickles) sprayed with zinc 'di¬ 
thiocarbamate fungicides have produced higher yields than when sprayed with cojjiper 
fungicides, even when disease control by the dithiocarbamates has been inferior, ^lis 
increased yield response has been ascribed largely to the lower phytotoxicity of the di¬ 
thiocarbamates. However, research on cucumbers during 1946-1947 on the effect of 
various fungicides on yield before the downy mildew disease appeared show'ed that tjie 
iron and zinc dithiocarbamate fungicides increased the yield approximjitely 25 per celit 
over that of untreated plants, that Bordeaux mixture increased the yield approximately 
10 per cent, but that a fixed copper fungicide reduced the yield slightly in both ycats. 
Two theories have been advanced by others to explain the increased yield response ob 
tained by the use of certain dithiocarbamate fungicides: (1) the stimulatory effect that 
is caused by the zinc that some of these fungicides contain, and (2) the utilization by the 
plant of the nitrogen that these fungicides contain. The writer advances the hypothesis 
that the carbon, and possibly the sulfur, that these fungicides contain may be the factor 
largely responsible for the increased yield response. This hypothesis is supported tb 
some extent by the data presented on cucumbers. 

A New Virus Disease of Blackberry, Horn, Norman L. A new virus disease pf 
blackberry, Rubus allegheniensiSy was observed in a raspberry growing district in Mary¬ 
land. The symptoms consist of a strikingly variegated leaf pattern. The disease was 
found to be graft transmissible from blackberry to blackberry, from blackberry to black 
raspberry (hybrid Cumberland x Evans), and from black raspberry to blackberry. The 
symptom pattern is expressed similarly in both blackberry and raspberry, but there is 
considerable variation in the pattern expressed in leaflets of individual leaves of both 
plants. The variation ranges from leaflets having only a few white islands to leaflets 
which are nearly totally white. 

Transmissibility of the Mild Streak Virus of Black Raspberry, Horn, Norman L. 
Of 45 healthy black raspberry plants grafted to mild streak infected black raspberries 
34 (75 per cent) became infected. When dodder was used to test transmission, eight 
of 40 (20 per cent) plants became infected. Varieties used in these tests were Logan, 
Dundee, and a hybrid of Cumberland x Evans. Field observations indicate the possibility 
of several strains of the mild streak virus as evidenced by the variations in the degree 
of cane symptoms on the same variety. When healthy plants were grafted to field cut¬ 
tings showing varying degrees of cane symptoms, the test plants which became infected 
showed no corresponding degree of symptom expression. 

Effect of Fusarium Isolates on Two Gladiolus Varieties, McClellan, W. D, 
Marked differences in pathogenicity occurred when twenty mass culture isolates of, 
Fusarium from gladiolus including Fusarium oxysporum var. gladioli Massey and F, 
orthoceras var. gladioli McCulloch were used to inoculate two varieties of gladiolus, 
Picardy (formerly considered resistant) and Dr. F. E. Bennett (highly susceptible). 
Differences were expressed both in rapidity of foliage symptom appearance and in type 
of corm rot. Some isolates caused a vascular rot, some a surface rot, and others caused 
a combination of symptoms. The pathogenicity of isolates varied from year to year. 
Disease 8everity*(mea8ured by the number of days short of the normal matnrinnr period) 
of one culture was 7.0 and 106,0 in Picardy and Dr. F.* E. Bennett, respectively; of 
another, 39.3 and 96.8; of a third, 107.5 and 107.5; and of a fourth, 107.5 and 55.4. 
In general, all isolates were more pathogenic in sand than in soil. The disease severity 
of five single-spore isolates from one culture was 9.9 and 18.3, 50.0 and 56.9, 53.8 and 
46.7, 29.9 and 42.6, and 18.1 and 9.0, in Picardy and Dr. F. E. Bennett, respectively. 
When a mixture of three single-spore isolates was reisolated from plants of six Iridaccous 
genera and used to inoculate the two gladiolus varieties, marked differences in patho¬ 
genicity occurred. No morphological differences between isolates were observed. 

Studies on End Rot of Stored Maryland Golden Sweet Potatoes, Smoot, J. J. and 
W. F. Jeffers. Two of the fungi most frequently isolated from end rotted Maryland 
Golden sweet potatoes • were found to be Diaporthe batatatis and Fusarium oxysporum. 
Pathogenicity tests nt both high and uncontrolled humidities showed approximately 80 
per cent' infection for Diaporthe and 25 per cent for Fusarium, In tests of temperature 



1948] 


Potomac Division Report 


577 


relationship to pathogenicity, the percentage infection was approximately the same at 
50°, 60°, 70°, and 80° F.; but amount of rot increased with increased temperatures. 
The disease may be produced by either organism, or the combination of both. The 
symptoms of the Fumrium end rot were shriveled, hardened ends usually occurring on 
smaller potatoes. The Diaporthe produced a collapsed, darkened dry decay that affected 
all sizes of roots. 

Inefficacy of Ethylene Chlorohromide as a Therapeutic Agent in the Treatment of 
Gardenias Infected with the Boot-knot Nematode. Tarjan, A. C. In an attempt to 
determine the efficacy of ethylene chlorohromide as a control for gardenia root-knot, 27 
two-year-old cuttings of Gardenia jasminoides, whose roots were severely infected with the 
root-knot nematode, Heterodera marioniy were subjected to various concentrations of the 
chemical in a water emulsion. At time of treatment, soil moisture was 7.01 per cent 
and soil temperature 67° F. The plants were divided into two groups: (A) Eeceiving 
only one treatment; and (B) receiving^wo treatments, two weeks apart. Method of 
application was as follows: 4 mutually equidistant holes were punched 2 in. deep into 
the soil around the perimeter within each of the 8-inch pots containing the plants. Each 
treatment of 0.40 cc., 0.25 cc., 0.10 cc., or 0.05 cc. was divided into 4 equal aliquots, 
injected into the holes and covered with soil. Each group was harvested one month 
after its final treatment and quantitative determinations of parasite population in the 
roots were obtained by a modification of the Baermann technirjue. It was found that the 
plants were capable of withstanding as much as one 0.25 cc. application of ethylene chloro- 
l)romidc emulsion or two 0.10 cc. applications spaced two weeks apart. The only con¬ 
centration showing any degree of control of the pathogen was one application of 0.25 cc. 
of the emulsion. 

The Meadow Nematode Disease of Boxwood, Tarjan, A. C. During recent years, 
a virulent disease of boxwood has caused serious decline of this plant throughout a wide 
area in the eastern United States. Critical examination of the root system reveals iso¬ 
lated lesions or entire rootlets which appear brownish-black apparently as a result of 
attacks by the various meadow nematodes, Pratylenchus spp. Badly diseasi d roots, how¬ 
ever, will not always yield the pathogen which is migratory in habit and evacuates dead 
and almost-dead roots. Continued attack by this nematode over a number of years re¬ 
sults in proliferous lateral root formation above the points of attack with eventual forma¬ 
tion of a shallow, densely-interwoven root system in the upper soil layers. Above ground 
symptoms may include defoliation; sudden death of branches, sometimes resulting in a 
stag-headappearance; a sickly stunted growth; and various types of foliage dis¬ 
coloration. The latter may include varying degrees of chlorosis, sometimes appearing 
as thin lateral or transverse streaks, but more often involving localized areas, especially 
at the leaf tip, which eventually become necrotic. Foliage of lightly infected plants 
inav present a dark greenish-bronze appearance ranging to a light yellow-orange for 
badly infected plants. Symptoms of the disease are usually more pronounced during 
periods of drought or freezing temperatures. 

Abstracts of papers presented by members of the Southern Division will be in the 
report of that Division. Other research papers presented at this meeting were as follows: 

Soil Cover Prevents Wood Decay Under Basementless Houses, Jesse D. Diller and 
Thomas W. Jones. 

Effect of Incorporating Technical DDT in the Soil on W' Nrmh^r, Green Weighty 
and Dry Weight of Blakemore Strawberry Plants, M. C. Goldsworthy and 
J. C. Duneoan. 

Pronress of the Ring Rot Organism in the Host Plant, Mathilde BENSAfJDE Gotz. 

Variation in Phytophthora palmivora. Carl Hartley. 

A Case of Violet Scab on Pansu Seedlings, R. A. Jehle and Ann\ E. Jenkins. 

Further Observations on a Leaf Spot and Blotch of Sorghum. C. L. Lefebvre and 
Helen 8. Sherwtn. 

Peppermint Wilt and Problems in Breeding for Resistance. E. C. Stevenson. 

The Effects of D-D and Dowfume W-40 Soil Treatments on Nematode Control^ 
Yield, and Quality of Tobacco. F. A. Todd. 



PHYTDPATHOLOGICAL NOTES 

Preserving Culture Media, —Tubed agar medium stored on a laboratory 
shelf or in a refrigerator dries and shrinks within a few weeks after it is 
made unless some method is employed to prevent evaporation. During the 
last two years a simple method of preserving tubed medium in fresh con¬ 
dition has been used at the Potato Investigations Laboratory, Hastings, 
Florida. 

The medium was made, tubed, and plugged and the tubes placed in clean, 
one-quart, glass, fruit jars. Wide-mouth fruit jars proved better than 
narrow-mouth ones as test tubes can be placed in them in an upright posi¬ 
tion and they hold 1/3 more tubes than the latter. Test tube plugs were 
pressed down carefully before tops were placed on the jars, as any cotton 
left between the rim and top of a jar prevents sealing. The jars of tubes 
were then sterilized in a pressure cooker at 15 lb. pressure for 20 minutes. 
Of course, an autoclave should prove eqiially satisfactory. 

Directions for cleaning and sterilizing jars in hot water before use, 
proper sealing of different types of jars, and the operation of a pressure 
cooker are given in pamphlets on home canning of vegetables and other 
foods which can be obtained at any store that sells pressure cookers. 

Once a jar has been opened the cover should not be replaced over any 
unused tubes of medium. Unused tubes of medium left in jars whose tops 
were replaced immediately after some tubes were removed showed con¬ 
tamination 3 to 4 weeks later. It appears that sufficient moisture was 
trapped in the closed jars to enable Trichoderma lignorum (Tode) Harz, 
and other fungi to grow through the moist cotton plugs and into the med¬ 
ium in the tubes. Tubed medium left in open jars remained sterile. 

Potato-dextrose agar and water blanks have been preserved by the 
method described. Other kinds of medium probably can be preserved in 
the same manner. The advantages of the method are obvious for if enough 
jars, test tubes, and other materials are provided, sufficient medium can be 
made and sterilized at one time to last a year or longer and it will always 
be in fresh condition for immediate use.—A. H. Eddins, Potato Investiga¬ 
tions Laboratory, Agricultural Experiment Station, University of Florida, 
Hastings, Florida. 

Cactus Inoculating Tool, —In the course of investigations on stem rot 
of giant cactus' {Cereus giganteus Englm.) an inoculating tool was devel¬ 
oped that might be useful for similar work on other succulents. This 
instrument, consisting of a glazier's putty gun fitted with a piece of i-inch 
copper tubing about 12 inches long (Fig. 1, A), was devised to introduce 
infected cactus tissue into a C, giganteus plant without undue injury to 
the plant or the operator, 

1 Lightle, Paul C., Elizabeth T. Standring, and J. G. Brown. A bacterial necrosis 
of, the giapt cactus. Phytopath. 32: 303-313. 1942. 
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The nozzle on the end of the putty gun was threaded with a pipe die 
and a coupling attached so that an automobile gasoline line compression 
fitting could be used on the end of the tubing. The purpose of the com¬ 
pression fitting was to permit easy removal of the copper tubing for 
cleaning. 

In use, the barrel of the gun was loaded with fresh diseased cactus 
tissue which had been ^ound in a food chopper. A hole of desired depth 
was made in the cactus with a ^-inch star drill, but any J-inch rod, brace 
bit, or borer could be used. The piece of copper tubing attached to the 
putty gun was then inserted well-rinto the hole and the trigger of the gun 



l!iO. 1. A. (Top to bottom.) Putty gun, with cap detached, showing coupling on 
end of nozzle, leather gasket, 12-inch piece of copper tubing with compression fitting at 
right; and i-inch star drill. B, Inoculating tool in use. C. Cork plug to keep inoculum 
from escaping. 


squeezed (Pig. 1, B). As the tubing was withdrawn from the plant the 
inoculum in the barrel was forced out and filled the hole. A cork was 
pressed into the opening to close the hole (Fig. 1, C). 

The apparatus was washed out with a 1;10(X) mercuric chloride solu¬ 
tion before and after each series of inoculations. No attempt was made 
to completely sterilize the tool because fresh diseased tissue was used for 
inoculum and surface sterilization of the cactus plant with subsequent 
protection from contamination was considered impractical. 

With this device about 20 cc. of inoculum can be quickly injected into 
« plant without appreciable injury to the cactus and with comparative 
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safety to the operator from the cactus spines.— Paul C. Lightle, Assistant 
Pathologist, Division of Forest Pathology, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U. S. Department of Agriculture. 

Infection of Seedling Peach Stems by Zoospores of Phytophthora cae- 
torum. —In 1935 Dunegan' described a disease of peach seedlings caused by 
Phytophthora cactorum (Leb. & Cohn) Schroet. Inoculations with my¬ 
celium from pure cultures of the organism demonstrated that P. cactorum 
would invade wounds made on succulent peach stems, but plants so inocu¬ 
lated did not wilt. Inoculation experiments in 1947 with mycelium like¬ 
wise resulted in failure to produce typical wilting. 

Field studies of the disease in Arkansas nurseries, particularly during 
the abnormally wet spring of 1945, led to the theory that water-borne 
zoospores are the infective agents involved in the production of the dis¬ 
ease in the nursery rows. The fact that Phytophthora cactorum produces 
zoospores rapidly; the development of the cankers above the soil line; the 
occurrence of the disease only in seasons of high rainfall; and the definite 
localization of outbreaks of the disease to areas in the nurseries subject to 
flooding may be cited in support of this theory. 

By using a culture of Phytophthora cactorum isolated from a peach 
seedling in Arkansas in 1945, zoospore formation was induced by the pro¬ 
cedure described by Drechsler.^ 

To simulate natural infection conditions, soil leachate containing mo¬ 
tile zoospores^ was poured into water-tight cups formed by attaching small 
sections of plastic tubing with cellulose tape and paraffin to the seedling 
stems. 

In the first inoculation experiment the soil leachate containing motile 
zoospores was used to fill the cups around 10 seedlings. As a control, 
sterile-soil leachate was added to the cups of an additional 10 seedlings. 
Typical symptoms (i.e., watersoaked streaks) appeared in the stems of all 
the inoculated plants at the end of 3 days, and at the end of 5 days the 
typical girdling cankers appeared on these plants. Seedlings wilted and 
finally collapsed. No pathological symptoms developed on any of the 
seedlings used as controls. 

Seedlings also were inoculated by transferring loops of soil leachate 
containing zoospores to the liquid in the cups. Each loop was examined 
microscopically to determine that only zoospores were used in the inocu¬ 
lum. Typical symptoms developed on the inoculated plants within 48 

1 Dunegan, J. C. A Phytophthora disease of poach seedlings. Phytopath. 26: 800- 
809. 1935. 

"2 Drechsler, Charles. Repetitional diplaiietism in the genus Phytophthora. Jour. 
Agr. Res. [U.8.] 40: 557-573. 1930. 

3 Blocks 1 sq. cm. in area were cut aseptically from a 7-day-old culture of the 
organism in oatmeal agar, placed in sterile Petri dishes, and flooded with sterile soil- 
leachate. The dishes were held at room temperature 3 to 5 days until numerous zoo- 
sporangia had developed and matured in the liquid surrounding the agar blocks. When 
the covers were removed from the Petri dishes the zoosporangia germinated readily, 
aAd liber^ed swarms of motile zoospores. 
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hours; the stems were girdled with cankers at the end of 5 days; and the 
seedlings were dead at the end of 7 days. No pathological symptoms de¬ 
veloped on the noninoculated check plants. 

Finally, to complete the chain of evidence that zoospores are capable of 
producing the stem-canker disease of peach seedlings, the fungus was reiso¬ 
lated from the experimentally diseased plants and grown in pure culture, 
and zoospore formation was induced. These zoospores, from pure cultures 
obtained from the inoculated plants, were used in a third series of inocu¬ 
lations and produced typical cankers followed by the wilting of infected 
plants. 

These experiments prove that zoospores of Phytophthora cactorum are 
capable of producing typical symptoms of the stem-canker disease, and the 
results support the theory that zoospores are the agents that induce field 
infections. —Joyce E. Kephart and John C. Dttnegan, Fruit and Vege¬ 
table Crops and Diseases, Bureau of Plant Industry, Soils and Agricul¬ 
tural Engineering, Agricultural Research Administration, United States 
Department of Agriculture. 

Asfer Yellows in Shallot and Gladiolus. —Aster yellows is one of the 
most common plant virus diseases, and is known to affect a large number of 
plants. Only recently the first monocot was added to the list, when the 
susceptibility of onions was reported independently by KenKnight,^ Larson 
and Walker,2 and the writers.^ In the present note^ evidence of suscepti¬ 
bility of two additional monocots—shallot {Allium ascalonicum L.) and 
gladiolus {Gladiolus sp.)—is presented. 

Tims^ has reported the occurrence of a trace to as much as 5 per cent 
of a disease considered likely to be aster yellows in commercial shallots in 
Louisiana. He describes the affected bunches as bright yellow, unmottled, 
and having slender leaves. Such plants fail to form bulbs, so that the 
disease in this host is nearly self-eliminating. A number of sample bunches 
supplied the writers by Dr. Tims have lived for a time in greenhouse pot 
culture and have exhibited the symptoms he described, but have never pro¬ 
duced bulbs or survived to a second season. The disease is not easily con¬ 
fused with yellow dwarf, which is characterized by distinct yellow mottl¬ 
ing in the shallot as in the onion. 

No transmission from shallot has been attempted, but aster yellows has 
been transmitted from chrysanthemum (Chrysanthemum hortorum Bai¬ 
ley) to shallot, the same symptoms having been noted in naturally affected 
plants. The chrysanthemum source plants of the varieties Mary Lennon 

KenKnight, Glenn. The aster yellows disease of truck crops in Idaho; Idaho Agr. 
Exp. Sta. Mimeo-leaflet 79. 1943. 

2 Larson, Russell, and J. C. Walker. Aster yellows a hazard in onion seed produc¬ 
tion. In Wis. Agr. Exp. Sta. Bui. 463, p. 50. 1944. 

3 Brierley, Philip, and Floyd F. Smith. Some virus diseases of Alliums. (Abstr.) 

Phytopath. 34; 990. 1944. 

4 Tims, E. C. Some shallot diseases in Louisiana. U. S. Dept. Agr., Plant Dis. 

Rptr. 30; 335-338. 1946. [Processed.] 
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Hall and Silver Ball were supplied by Lacey McColloch from a garden in 
Falls Church, Va. Ten six-spotted leafhoppers {Macrosteles divisus (Uhl.)) 
were fed on these source plants from December 2 to 8, 1946, moved to 
China aster {CalUstephus chinensis (L.) Nees) until December 16, then 
fed on 10 vigorous shallot plants from December 16 to 18. The leafhop¬ 
pers became established more readily on shallot than on onion. They all 
fed well and survived to the end of the test. Although the shallot plants 



Fio. 1. Aster yellows in gladiolus (left), nonnal plant (right). 

developed rapidly, no symptoms were detected uptil February 27, 1947, 
when one plant was noted to be somewhat more slender and upright than 
normal and uniformly bright yellow. None of the other plants contracted 
the disease. The yellow plant failed to produce a bulb and was shriveled 
and dead by May 9. The unaffected plants in the same pot produced nor¬ 
mal bulbs. 

Although no reisolation from the affected shallot was attempted, the 
close duplication of natural S3mptoms in this plant is considered sufficient 
pry)f that^the disease was aster yellows. It is not surprising that shallot 
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should prove susceptible now that onions are known to be subject to the 
disease, as these two species are closely related. Since shallots seem to be 
more attractive to Macrosteles, aster yellows may be expected to be more 
troublesome on these plants than on onions. 

In August, 1946, W. D. McClellan brought to our attention a single 
Picardy gladiolus spike that was completely virescent out of thousands of 
normal spikes in his plot at Beltsville, Md. All the flower parts remained 
green, but no proliferation was evident. The flowers eventually turned yel¬ 
low and shriveled without developing the usual pink coloration. The glad¬ 
ioli of a seedling clone were exposed to 10 viruliferous Macrosteles 
divisus leafhoppers from chrysanthemum from December 2 to 8, 1946, 
when the foliage was 8 to 14 inches high. On February 14 symptoms were 
first detected in 1 plant. The young leaves were uniformly yellowish green, 
and the flower spike was spindling and green (Fig. 1). On February 24 
the same symptoms appeared on a second plant. Both plants turned straw- 
yellow and shriveled prematurely without having shown any pink color in 
the flowers. 

Aster yellows thus kills the tops of gladiolus rapidly after symptoms 
become evident. The corms developed on the two plants experimentally 
infected were still sound on June 20, 1947, and were beginning to produce 
new shoots with yellows symptoms. Aster yellows was readily transmitted 
to China asters from the inoculated gladiolus by means of Macrosteles 
divisus. Forty nonviruliferous nymphs were fed on an infected gladiolus 
flower for 2 days and then transferred to five China asters on March 8, 
1947. By April 11 all the plants had developed typical symptoms of aster 
yellows. 

The susceptibility of gladiolus to this virus is thus fully confirmed. The 
rarity of the disease in this crop is surprising inasmuch as the vector, 
Macrosteles divisus, is frequently found feeding on gladiolus in the field. 
—Floyd F. Smith, Bureau of Entomology and Plant Quarantine, and 
Philip Brierley, Bureau of Plant Industry, Soils, and Agricultural Engi¬ 
neering, United States Department of Agriculture. 
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Cartwright, K. St. G., and W. P. K. Findlay. Decay of Timber and its Prevention. 

Department of Scientific and Industrial Research publication, 294 pp., illus. 1946, 

Published by H. M. Stationery Office, London. 12s. 6d. 

This is the first modern book in English dealing exclusively and comprehensively with 
timber and wood decay. The authors are eminently qualified to write in this field having 
worked together in it for many years at the Forest Products Research Laboratory, 
Princes Risborough, Aylesbury, Buck, England. The subject of decay and other fungus 
defects of wood, and methods of controlling them, is now developed to a point where any¬ 
thing like a full treatment of it cannot be attempted in a single book of ordinary size. 
Faced with this situation, Cartwright and Findlay have shown commendable discrimina¬ 
tion in their choice of phases to be considered and in the selection of literature that they 
have drawn on. Those wanting a better understanding of the factors contributing to 
decay and of the causal fungi and their effect on wood, and those concerned with the 
prevention of decay will find this a valuable text book and reference source. 

The contents are taken up under 14 main headings: introduction (economic factors 
and historical); causes of decay; technique (isolation of fungi, cultural and staining 
method, etc.); physiology of wood-destroying fungi; effects of fungus decay on wood; 
principal decays of standing trees in Great Britain (two chapters, coniferous, and broad¬ 
leaved trees); rots of felled timber and of timber in service in the open; rots of timber 
in buildings and structures; prevention of decay in felled and converted timber during 
storage and shipment; decay of timber in buildings, mines, vehicles, aircraft, ships and 
boats, sleepers, poles, fencing and in horticultural use; deterioration of composite wood 
and manufactured wood products; natural durability of timber; preservation of wood by 
chemicals, and staining and discoloration of timber. There is also an appendix in which 
is given the British standard method of test for the toxicity of wood preservatives. This 
method in its general aspects is used in many laboratories outside Great Britain. Sub¬ 
headings are freely used, making for rapid location of individual topics and clarity of 
presentation. 

In the chapters dealing with the rots of standing trees, felled timber, and buildings, 
emphasis is placed on the causal fungi and their characteristics. Descriptions of the cul¬ 
tural and physiological characteristics of the more important fungi should be of special 
interest to many readers as information on these points has been rather difficult to find. 
For the same reason, many will find the chapter dealing with the physiology of wood- 
destroying fungi very helpful. Remedial and preventive measures are^ considered to some 
extent with reference to the individual fungi, in the felled timber and buildings, whereas 
general measures are considered in subsequent sections. 

Although British conditions naturally receive considerable attention in places, North 
American readers will not find this excessive for the most part. The chapters of most 
marked regional character in this respect are those on the decay of standing trees. A few 
things might be added to the book in any subsequent revision that would further its value 
to American users. For example, it would seem desirable to list more of the commercial 
* timbers falling in the durable to moderately durable groups. Brush treatment of stored 
logs probably would be less favored than a spray treatment in the United States and 
Canada, except where an end coating to control checking is needed. It is also probable 
that one of the anti-stain chemicals used on lumber would find more favor for log treat¬ 
ment than creosote. In addition to sodium pcntachlorophenate for the preservation of 
wet pulp during storage, mention might be made of ethyl mercuric phosphate. This com¬ 
pound has given a good account of itself in Swedish investigations and is used commer¬ 
cially in this country. Other new organic fungicides are coming into use for the same 
purpose. ^‘Wood Preservation,’’ by Hunt and Garratt should be cited as it is an im¬ 
portant modern text and refrren(e boo* in English on this subject.— Theodore C. 
Scheffer, Forest Products Laboratory, Madison, Wisconsin# 

Whitehead, 8. Tatum, Thomas P. McIntosh, and William W. Findlay. The potato in 

health and disease. 400 + XV pages, 31 figs. Oliver and Boyd, London. 1945. 25s. 

The first half of this book is devoted to the potato plant and its culture, and the 
second to potato diseases. In the first section the origin and taxonomy of the cultivated 
potato is discussed, and considerable space is devoted to the morphological characters 
by which varieties are distinguished. An appendix gives the descriptions of some 50 
British varieties; their distinguishing characteristics; cultural, cooking, and keeping 
qualities; and their reactions to diseases, especially those caused by viruses. 

. Cultural methods used in the British Isles are described in detail, with references to 
scientific literature on various phases of potato growing. Seed certification standards 
rjid methods of particular interest to seed growers are discussed. 
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The section on pathology has a key to parasitic diseases and abnormalities caused by 
insects and non parasitic agencies. Of the 19 parasitic diseases that are discussed in 
detail some, such as that due to A rmillaria mdlea, would be considered of little importance 
in the United States, while ring-rot (Corynehacterivm sepedonieum) is not mentioned. 
The parasitic diseases arc classified on the basis of pathogen taxonomy, and the charac¬ 
teristics and life histories of the pathogens discussed in considerable detail. A useful 
feature of the description of symptoms is the attention given to characteristics by which 
each disease may be distinguished from others with similar symptoms. 

The discussion of virus diseases of the potato occupies nearly 100 pages, and covers 
all phases of the subject, including descriptions of the principal virus diseases, the re¬ 
actions of varieties to different viruses-and virus complexes, means of transmission, 
descriptions of aphid vectors, and practical problems encountered in control. 

Judging from the simple way in which basic biological concepts, such as cell di¬ 
vision and inheritance, are described, this book is meant to appeal to people with little 
background in biology. This does not m^n that it is superficial or unauthoritative. It 
will be useful to anyone wishing a scientific reference on potato growing and disease 
control. Growers, and especially seed certification officials, should find it very valuable, 
and it would be useful to any investigator working on potato problems.—C. J. Eide, 
Minnesota Agricultural Experiment Station. 

Chester, K. Starr. The nature and prevention of the cereal rusts as exemplified in the 

leaf rust of wheat. 269 pp., 11 figures, 19 tables. Chronica Botanica Co., Waltham, 

Mass.; Stechert-Hafner, Inc., New York City. 1946. $5.00. 

This book is an extensive review of the world literature on leaf rust of wheat and 
should be welcomed by students and research workers as a valuable reference to the sub¬ 
ject, particularly at the present time when the disease is assuming increasing economic 
importance in the United States. Dr. Chester is to be commended for his efforts in trans¬ 
lating the pertinent Russian literature on the subject which, due to difficulties in trans¬ 
lating, is made available to many for the first time. The book is more than a summary 
of the literature. Many of the data have been analyzed and suggestions made that will 
bo helpful in continuance of research on the subject. 

There are fifteen chapters in the book with titles serving as guides to the contents. 
In chapter 1 is a history of the disease up to the present time. In chapters 2 and 3 
are discussed the origin, distribution, economic importance, and the effect of the rust 
on the host plant and its yields. Here the author has presented rather conclusive data 
to show that in the world as a whole leaf rust is even more destructive than stem 
rust. Those, in North America at least, who have witnessed several of the devastating 
stem rust epidemics will undoubtedly be skeptical on this point. Chapter 4 deals pri¬ 
marily with suscepts. Information is presented on the host range of the pathogen and 
on the reactions of wheat varieties together with a review of results of investigations on 
the alternate hosts. Noteworthy is the fact that Isopyrum fumarioides, although present 
in North America as well as in other parts of the world, functions as an alternate host 
only in eastern Siberia. Chapters 5 and 6 deal with the symptoms of the disease on the 
economic and alternate hosts, and review the cytology and sexuality of the pathogen as 
determined primarily ‘by the work of Allen. Plant breeders as well as pathologists will 
be particularly interested in Chapters 7 and 8, which deal with physiologic specialization. 
The author suggests eliminating three somewhat unstable differential varieties and on the 
basis of similarities classifies the known 129 races in 44 race groups. Both suggestions 
have considerable merit and if the data obtained on this basis appear adequate for the 
needs in our present day breeding programs, the proposed system will simplify to some 
extent the work of both pathologists and breeders. In Chapters 9 and 10 are considered 
the factors affecting the survival and development of the rust. Environmental factors 
such as moisture, temperature, light, physical conditions, and chemical constitution of the 
soil are discussed at some length. There is included also a discussion on studying, analyz¬ 
ing, and expressing combined environmental factors together with suggestions f6r cor¬ 
relating data of value for forecasting of epidemics at least in limited areas. The prac¬ 
tical application will be open to question in the minds of many. Chapter 11 deals with 
rust dissemination, annual cycles, and epiphytotics. Dissemination of rust spores by 
various agents, evidence of long distance dissemination in different parts of the world, 
and annual cycles are adequately discussed. The last few chapters of the book are devoted 
to rust control by natural, regulatory, and cultural means, by the use of fungicides, and 
by the development of resistant varieties. The advantages and limitations of the differ¬ 
ent methods are adequately discussed. There is also a good discussion of the literature 
on results of breeding for leaf rust resistance. In fact, throughout the book the reader is 
impressed with the exhaustive search and digest of the literature that Dr. Chester has 
made to present a complete summary of the information on the subject.—H. A. Rodek- 
HiSBR, Bureau of Plant Industry Station, Beltsville, Maryland. 
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FUSARIUM DISEASES OP BROAD BEAN. III. ROOT-ROT AND 
WILT OP BROAD BEANS CAUSED BY TWO NEW 
FORMS OP FUSARIUM^ 

T. F. Yu AND C. T. F A N 0 2 
(Accepted for publication January 10, 1948) 

INTRODUCTION 

Foot-rot, root-rot, and wilt are very destructive diseases in the broad- 
bean growing regions of Yunnan, ^hina, especially where proper rotation 
has not been practiced. They have been found in all regions where beans 
are grown extensively and in certain sections have caused annual losses as 
high as 40 per cent of the crop. 

The causes of these diseases were found to be species of Fusarium. 
One of them is Fusarium avenaceum var. fahae which causes a wilt disease. 
The results of «,n investigation of the morphology and physiology of this 
fungus together with the disease induced by it have been reported in pre¬ 
ceding papers (8, 9). In the present paper, two additional species of Fu¬ 
sarium parasitizing broad bean are described. 

THE ROOT-ROT FUNGUS 

Cultural Characters of Fusarium solani /. fahae n.f. 

Hard potato agar. Cultures 1 month old are characterized by a loose, 
coarse, wooly, granular, white to cartridge buff mycelium (4, 5). Pion- 
notes, produced abundantly in large heaps, are putty buff and cream buff. 
Older cultures have thick and more or less compact mycelial growth that is 
laelia pink, Burgundy purple, and Rigi blue. Sclerotia are small, Rigi 
blue to slate color, and usually imbedded in the mycelia. Numerous India 
buff sporodochia are produced. 

Hard oat agar. Cultures 1 month old are characterized by a medium 
coarse to fine wooly mycelium that is white to buff. Sporodochia and 
pionnotes are produced in large groups over the slant. Sclerotia are pro¬ 
duced abundantly in masses and are i^pruce green to Rigi blue. 

Broad-bean seed-decoction agar. Mycelium is scant, white, and cot¬ 
tony on 12-day-old cultures; scant, white, and wooly on one-month-old cul¬ 
tures. Small putty-buff sporodochia are generally formed on the basal 
portion of the slant. Sclerotia are not seen. 

Potato-tuber plug. Cultures 1 month old have a loose, coarse, wooly, 
granular mycelium that is white, light Martius yellow, and Rigi blue. 
Large masses of sporodochia that run together, forming pionnotes, are usu¬ 
ally produced. They are usually cinnamon to powdered yellow. The 
abundant sclerotia are blue spruce green to Rigi blue. 

1 Paper No. 34 from Division of Plant Pathology, Institute of Agricultural Besearch, 
National Tsing Hua University. 

2 Division of Plant Pathology, Institute of Agricultural Besearch, National Tsing 
Hua University. 
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MelUotus stem. One-month-old growth is characterized by a loose, 
coarse, wooly, granular, white to buff mycelium. Cinnamon to powdered 
yellow pionnotes and sporodochia are present over the stem in small and 
large heaps. Small, Rigi blue sclerotia may be present. 

Oreen hroad heart pod. Cultures 2 months old are characterized by a 
medium thick, matted, cartridge buff and ivory buff mycelium. Large, 
spherical cinnamon sporodochia are produced. Sclerotia are small and 
Rigi blue. 

Broad heart stem. Cultures 1 month old have scant, white to cartridge 
buff aerial mycelium. Small, pale pinkish buff sporodochia are produced. 

Rice. Cultures 12 days old have a moderately compact, matted my¬ 
celium that is white, cartridge buff and rosewood red, while the rice is 
changed to coral pink. Small, Rigi blue sclerotia are developed. Cultures 
1 month old are characterized by scant, white, aerial mycelium. The rice 
is rosewood red to prune purple and Rigi blue to slate color. Sporo¬ 
dochia are putty buff to sheepskin moth yellow, single or aggregated, and 
circular or irregular in outline. 

Potato agar plate, 5 per cent dextrose. Cultures 1 month old have a 
white to cartridge buff aerial mycelium, and that in the substratum is cin¬ 
namon buff and rosewood red. The cultures are zonate. Sporodochia may 
be present in the center of the plate. Microconidia are produced in great 
abundance. 

Measurements of Corddia from Sporodochia Produced on Different Media 

Hard oatmeal agar; cultures 44 days old: 

3- septate, 57 per cent, 38.8x5.2 (31.8-44.1 x 4.8c-5.4) jx. 

4- septate, 21 ner cent, 40.9x5.2 (35.3-49.4x4.9-5.3) 

5- septate, 22 per cent, 42.7x5.2 (38.8-47.6x3.9-5.3) jx. 

Cornmeal agar; cultures 44 days old: 

3- 8eptate, 78 per cent, 34.4x5.4 (23.6-40.0x3.6-5.5) p,. 

4- 8eptate, 13 per cent, 40.3x5.5 (32.7-50.9x5.3-5.8) |x. 

5- septato, 9 per cent, 43.3x5.6 (38.2-47.3x5.5-6.2) jx. 

Diseased broad bean plants; plants killed two weeks after inoculation : 

0‘septate, 1 per cent, 19.4 x 3.0 jx. 

l-8eptate, 2 per cent, 21,7x3.4 (21.2-22.9x3.2-3.7) jx. 

2*8eptate, 2 per cent, 32.6x4.8 (31.8-33.5x4.4-5.3) p,. 

3- septate, 82 per cent, 32.9x4.7 (26.5-42.4x3.5-5.3) p, 

4- 8eptate, 7 per cent, 36.7 x 5.0 (31.9- 4.2 x 3.5-5.3) p. 

5*8eptate, 6 per cent, 38.6x4.9 (35.3-42.4x3.9-5.3) p. 

Hard potato agar, 2 per cent dextrose; cultures 44 days old; 

1- septate, 2 per cent, 20.0x3.3 p. 

2- Beptate, 4 per cent, 21.8x3.7 (20.0-23.6x3.6-3.8) p. 

3- 8eptate, 78 per cent, 32.4x5.5 (26.5-40.0x4.0-5.8) p. 

4- septate, 12 per cent, 35.8x5.5 (32.7-38.2x5.5-5.6) p. 

5- septate, 4 per cent, 38.2x5.5 (41.5-48.5x5.1-5.6) p. 

Broad bean seed-decoction agar; cultures 138 days old: 

S-septate, 13 per cent, 30.6x5.5 (26.5-34.4x5.3-6.2) p. 

4- septate, 22 per cent, 35.6x5.5 (31.8-42.4x5.3-6.5) p. 

5- septate, 62 per cent, 40.5x5.6 (32.6-47.6 x5.1-7.1) p. 

6- 8eptate, 3 per cent, 44.6x5.5 (41.5-48.5x5.1-5.6^ u. 
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Potato-tuber plug; cultures 30 days old: 

S-septate, 82 per cent, 33.7x5.3 (26.5-45.9x4.1-5.9) 

4-septate, 12 per cent, 36.0x5.2 (32.6-40.6x4.8-5.3) ji. 

5’Septate, 6 per cent, 38.8x5.3 (35.3-42.4x5.1-5.4) 

Melilotus stem; cultures 44 days old: 

3- septate, 37 per cent, 34.9x5.3 (23.6-41.8x4.2-5.6) ji. 

4- 8eptate, 44 per cent, 38.1x5.4 (32.7-45.5x5.1-5.5) 

5- 8eptate, 19 per cent, 40.2x5.4 (36.^^3.6 x 4.7-5.5) pt. 

Green broad bean pod; cultures 138 days old; 

3- 8eptate, 36 per cent, 33.5“k5.1 (27.4-37.1x3.9-5.3) 

4- 8eptate, 30 per cent, 3d?6 x 5.2 (32.6-42.4 x 4.8-5.6) 

5- 8eptate, 33 per cent, 37.8x5.6 (32.6-42.4x4.6-5.3) jx. 

6- 8eptate, 1 per cent, 38.8x5.3 

Green pea pod; cultures 138 days old: 

3- 8eptate, 55 per cent, 32.5x5.1 (28.2-40.6x3.9-5.6) 

4- 8eptate, 23 per cent, 33.7x5.2 (27.3-37.1x3.9-5.6) 

5*8eptate, 22 per cent, 38.8x5.3 (33.6-40.6x3.9-5.6) \i. 

Robinia root; cultures 32 days old: 

3- 8eptate, 44 per cent, 34.1x5.3 (26.5-38.1x4.1-6.0) p,. 

4- septate, 30 per cent, 37.0x5.3 (31.8-42.4x4.6-5.6) p. 

5- septate, 26 per cent, 38.8x5.3 (31.8-42.4x4.9-6.2) p. 

Steamed rice; cultures 44 days old 

3- 8eptate, 44 per cent, 39.0x5.2 (26.5-46.8x4.1-5.2) p. 

4- 8eptate, 19 per cent, 41.6x5.2 (31.8-46.8x4.1-5.5) p. 

5- 8eptate, 37 per cent, 43.2 x 5.3 (35.5-52.8 x 4.1-5.4) p. 

The averages for conidia on different media of various ages are as 
follows: 

0-septate, 19.4 x 3.0 p. 

1- 8eptate, 20.8x3.3 (20.0-21.7x3.3-3.4) p. 

2- septate, 27.2x4,2 (21.8-32.6x3.7-4.8) p. 

3- septate, 34.8 x 5.2 (30.6-39.0 x 4.8—5.5) p. 

4- septate, 38.3x5.2 (35.5-41.6x4:9-5.5) p. 

5- septate, 40.2x5.3 (38.2-43.3x4.9-5.6) p. 

6- septate, 44.9 x 5.3 (38.8-53.4 x 5.0-5.5) p. 

Morphology of the Fungus 

Microconidia borne on irregularly branched conidiophores, ovoid, 
oblong, or short rod-shaped, 6.6 x 2.1 p, rarely 1-septate, 12.8 x 2.6 p; macro- 
conidia scattered in mycelium or in false heads, in sporodochia or pion- 
notes, spindle-shaped or slightly curved, with rounded to slightly con¬ 
stricted apex, slightly or not at all pedicellate, 0- to 6-septate, typically 
3-septate, 34.8 x 5.2 p; conidial mass gold yellow, putty buff, cinnamon or 
cream colored; sclerotia small, Rigi blue or slate color; chlamydospores 
terminal or intercalary, mostly 1-celled, spherical or oblong, 10.6 x 10.0 p, 
2-celled, 24.2 x 15.1 p, sometimes in short chains, smooth or sometimes rugose 
(Fig. 1, A, B, and C). 

This fungus, isolated from diseased broad bean root and proven to be 
parasitic on the host, is practically identical with Fusarium solani (Mart.) 
App. et Wr. (7), especially in spore measurements and cultural character- 
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Potato-tuier plug. Cultures 22 days old have a medium dense, leath¬ 
ery, dirty white mycelium, sometimes with spots of sheepskin moth yellow, 
slate color, dark chessylite and blue-green in places. Sclerotial stromata 
are not present. 



Fig. 1. Fusarium solani f. fahae: A. Macroconidia; B. Chlamydospores; C. Micro- 
conidia. Fvsarium oxysporum f. fahae: T>, Macroconidia; E. CJhlamydospores; F. 
Microconidia. 

Melilotus stem. Cultures 1 month old have a medium scant, white, 
tawny, and Arnoblue mycelium with occasional tufts that are white and 
wooly. Sclerotial stromata may be present. 

Oreen broad bean pod. Cultures 5 months old have a medium con^pact 
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mycelium that is dirty white and Rigi blue. The mycelium may be slimy 
or self-digej»ted. 

Oreen pea pod. The cultural characters of the fungus on pea pod are 
the same as on broad bean pod except that in a few instances small brown 
sporodochia may be produced. Sclerotial stromata are not present. 

Rice, Cultures 12 days old have a medium dense, dirty white my¬ 
celium. Older cultures, from 1 to 2 months old, are characterized by a 
leathery mycelium that is La Valliere to dahlia purple. Crown Prince 
gray, dusky blue, and slate color. There are also spots of cream-bulf, 
yellow ocher, coral pink, and Isabella color. 

This fungus produces relatively abundant microconidia and sometimes 
sclerotial stromata on these cultural media. However, macroconidia are 
rarely produced, and sporodochia or pionnotes are often absent. The my¬ 
celial growth is at first dirty white, compact, and dense. In most of the 
tube cultures the pi^esence of a greenish blue narrow lip on the lower edge 
of the slant surface is very characteristic. 

\ 

Measurements of Conidia on Different Media 

Diseased broad bean plants; conidia from aerial mycelium: 

I'Septate, 3 per cent, 23.2x3.5 (22.0-23.8x3.4-3.9) 

2- 8eptate, 3 per cent, 26.1 x 3.6 (26.7-27.3 x 3.5-3.9) 

3- septate, 91 per cent, 35.8x3.6 (25.6-44.1x3.2-5.3) j*. 

4- septate, 2 per cent, 37.9x4.1 (35.3-40.6 x 3.7’-4.4) ja. 

5- septate, 1 per cent, 47.6x4.9 

Diseased broad bean plants in moist chamber; cultures 30 days old; 
oonidia from aerial mycelium: 

1- septate, 29 per cent, 21.0x3.5 (14.1-26.4x3.2-4.4) j*. 

2- 8eptate, 11 per cent, 26.8x3.6 (24.6-29.9x3.3-3.9) p,. 

3- 8eptate, 54 per cent, 32.8x4.0 (22.9-51.0x3.5-5.3) ja. 

4- 8eptate, 6 per cent, 39,9x4.6 (35.2-46.2x3.5-5.3) p,. 

Pea pod; cultures 74 days old; conidia from sporodochia: 

3'8eptate, 90 per cent, 29.2x3.8 (21.8-36.4x3.5-4.9) p. 

4-8eptate, 8 per cent, 35.1x3.7 (23.6-34.5x3.5-3.8) p. 

5'8eptate, 2 per cent, 37.3x4.0 (36.4-38.2x3.8-4.2) p. 

Melilotus stem; cultures 48 days old; conidia from aerial mycelium; 

l*8eptate, 4 per cent, 23.2x3.3 (15.4-26.1x3.2-4.4) p. 

2-8eptate, 4 per cent, 25.5x3.3 (24.6-27.8x3.2-4.3) p. 

3*8eptate, 88 per cent, 35.1x4.0 (29.9-47.5x3.5-4.9) p. 

4'8eptate, 4 per cent, 43.0x4.6 (39.8-48.1x3.5-4.9) p. 

Robinia root; cultures 74 days old; conidia from aerial mycelium: 

1- 8eptate, 1 per cent, 15.0 x 2.1 p. 

2- 8eptate, 1 per cent, 15.9 x 3.0 p. 

3- 8eptate, 91 per cent, 24.7 x 3.3 (17.6-37.1 x 2.6-3.9) p. 

4- 8eptate, 4 per cent, 33.5x3.4 (26.5-37.1x3.2-3.5) p. 

6'8eptate, 3 per cent, 33.7x3.5 (31.8-38.8x3.2-3.7) p. 

The averages of these measurements of conidia on different media of 
various ages are as follows: 

0>8eptate, 8.9 x 2.9 p. 

l-8eptate, 17.8x3.0 ( 9.9-23.2x2.1-3.5) p. 
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2- septate, 25.7x3.5 (15.9-26.8x3.0-3.6) ji. 

3- septate, 31.9x3.7 (24.7-35.8x3.3-4.0) p,. 

4- 8eptate, 38.0x4.1 (33.5-43.0x3.4-4.6) u. 

5- 8eptate, 40.6x4.1 (33.7-47.6x3.5-4.9) p. 

Morphology of the Fungus 

Mycelium vigorous, dirty white at first, becoming tawny to variously 
tinted, pigment of substratum highly variable; microconidia formed free 
in aerial mycelium, relatively abundant, ovoid, oblong or irregularly ellip¬ 
soid, mostly 0-septate, 7.1 x 3.3 (5.2-10.4 x 2.1-3.5) p; macroconidia rarely 
produced, mostly 3-septate, nearly ijniform in diameter o^^s^htly broader 
toward the upper end, slightly curved at the upper '4fhd, usually with 
rounded apex and with base nearly straight-conical or appendicular, seldom 
subpedicellate, 31.9x4.1 p; sporodochia and pionnotes rarely produced; 
sclerotial stromata present, in certain cultural media, Highland green and 
spruce green to marble green; chlamydospores single, in pairs, or in 
short chains, terminal or intercalary, spherical to subspherical, thick- 
walled, dark brown, smooth, 7.3 x 6.9 (6.6-9.1 x 5.8-7.4) p (Fig. 1, D, E, 
and F). 

The foregoing description of the fungus causing wilt of broad bean 
ifiiows that it resembles Fusarium oxysporum emended by Snyder and 
Hansen (6) and it especially resembles F. oxysporum f. pisi (3, 7) in both 
cultural and morphologic characteristics. It differs, however, from the 
pea fungus in pathogenicity. Cross inoculation experiments were made 
with this fungus and two cultures of F, oxysporum f. pisi. One of these 
p^ fungus cultures was received through the kindness of Dr. J. C. Walker 
of United States and the other was isolated by the writers from peas in. 
Yunnan. The results of these experiments indicate the pea fungi occa¬ 
sionally cause infection on broad bean. On the other hand, it has been 
impossible so far to cause infection on peas with the broad bean fungus. 
Following the system of classification of F. oxysporum proposed by Snyder 
and Hansen (6), the present fungus will be named F. oxysporum f. fabae 
as a new form of this specks. \ 

Pathogenicity 

The most characteristic symptom of the disease caused by this fungus 
on the aerial portion of broad beans is the yellowing of the leaves. Af¬ 
fected leaves become yellow and more or less rigid. The roots and basal 
portion of the stems of a diseased plant are not conspicuously discolored. 
When the diseased roots are cut open, the vascular tissues have the char¬ 
acteristic reddish brown discoloration. 

Inoculations of beans, cowpeas, peas, oats, wheat, and corn with this 
fungus were negative. 

RfiSUMjg 

Two new forms of Fusarium that cause diseases in Vicia faba L. are 
reported in this paper. One of them, causing the root-rot of broad bean, 
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is named F. solani f. fdbae and the other, causing wilt of the same host, 
is named F. oxysporum f. fahae. Their cultural characteristics, morphol¬ 
ogy, and pathogenicity are described. 

Tsing Hua University, 

Peiping, China 


literature cited 

1. Burkholder, W. H. The dry root-rot of the bean. N. Y. (Cornell) Agr. Exp. Sla. 

Mem. 26. 1919. 

2. Jones, F. E. Stem and rootrot of peas in the United States caused by species of 

Fusarium. Jour. A^. Bes. [U. S.] 26: 459-475. 1923. 

3. Linford, M. B. A Fusarium wilt of peas in Wisconsin. Wis. Agr. Exp. Sta. Res. 

Bui. 85. 1928. 

4. Maerz, a., and M. Rea Paul. A dictionary of color. Ed. 1. 207 + vii pp. McGraw- 

Hill Book Co., New York. 1930. 

5. Ridgway, R, Color standards and color nomenclature. 43 pp. and 53 colored plates. 

Washington, D. C. 1912. 

6. Snyder, W. C., and H. N. Hansen. The species concept in Fusarium. Araer. Jour. 

Bot. 27: 64-67. 1940. 

7. Wollenweber, II. W., and 0. A. Reinkinq. Die Fusarien. Thre Bcschreibung, 

Schadwirkung und Bekampfung. Berlin. 1935. 

8. Yu, T. F. Fusarium diseases of broad bean. I. A wilt of broad bean caused by 

Fusarium avenaceum var. fabae n. var. Phytopath. 34: 385-393. 1944. 

9. Yu, T. F., and C. T. Fang. Fusarium diseases of broad bean. II. Further studies 

on broad bean wilt caused by Fusarium avenaceum var. fabae. Phytopath. 38: 
331-342. 1948. 



THE DEVELOPMENT OF GIBBERELLA ZEAE HEADBLIGHT OP 

WHEAT 

Axel L. Andersen 
(Accepted for publication March 8, 1948) 

INTRODUCTION 

Although wheat headblight or scab caused by Gibberella zeae (Schw.) 
Fetch has been investigated frequently during the past 60 years, some as¬ 
pects of the disease still need clarification. The literature has been re¬ 
viewed adequately by Atanasoff (2), Macinnes and Pogelman (9) and 
Eide (6). 

This paper includes studies on the effects of temperature on growth, 
sporulation, and spore germination of the pathogen; the effects of the inocu¬ 
lum dosage, stage of host maturity, and air temperature and air moisture 
on disease development. 

MATERIALS AND METHODS 
Laboratory Studies 

A single monoconidial isolate of Oibherella zeae was used throughout 
the investigations. This culture was selected from several obtained from 
Dr. J. J. Christensen of the University of Minnesota, because of its patho¬ 
genicity on seedling wheat. 

The conidial stage of Gibberella zeae {Fusarium graminearum Schwabe) 
was produced on Coons’ agar initially adjusted to pH 3.2 using normal 
HCl. This medium was used in the temperature studies on growth and 
sporulation and also for producing the conidia used for plant inoculation. 

The effect of temperature on growth, sporulation, and germination was 
studied in incubators maintained within ± 0.5° C. of the desired tempera¬ 
ture. Growth rates were determined on agar in Petri plates which had 
been seeded with a 5-mm. agar plug in the center of the plate. Diameter 
of the mycelia was recorded after 5 days. Methods similar to those pre¬ 
sented by Henry and Andersen (7) were used in the sporulation studies. 

Spore germination was studied by placing 2 to 4 drops of a dilute 
conidial suspension of Gibberella zeae on a clean glass slide. The slide 
was placed in a Petri plate during the incubation period to prevent the 
water from evaporating. At least 200 germinated and non-germinated 
conidia were counted on each slide and the percentage germination deter¬ 
mined on the basis of these counts. 

Greenhouse Studies 

Newthatch spring wheat was the principal variety used in the green¬ 
house experiments. The wheat was sown in soil in one-gallon glazed pots 
and thinned to 10 plants per pot shortly after emergence. It was grown 
at relatively cool temperatures (12° to 15° C.) for the first two months, 
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and thereafter in a warm greenhouse (20° to 25° C.) with supplementary 
lighting. Uniform heads were obtained nearly identical in appearance to 
those produced on wheat grown in the field. 

Plants were inoculated at five stages of development as follows: (1) the 
boot stage, in which the head was still enclosed in the leaf sheath; (2) the 
before-flowering stage, in which the heads were out of the boot but none of 
the flowers had extruded anthers; (3) the flowering stage, in which the 
flowers were in the process of anthesis or had already extruded anthers; 
(4) the after-flowering stage, in which small immature seeds were present 
and (5) the past-flowering stage in which the kernels were nearly filled 
out and in the milk to soft dough stage. 

The technique used for plant inoculation was the same as that reported 
by Andersen et al, (1). This consisted in the application of a suspension 
of conidia by means of a hand-made atomizer. Unless mentioned other¬ 
wise, the standard application of inoculum in all experiments was* approxi¬ 
mately two million conidia per pot. Conidial germination was checked 
prior to the use of the inoculum to insure the application of viable conidia. 

In all the studies on pathogenesis, the plants were exposed to continued 
wetness for different periods in the humidity tents before they were re¬ 
moved to the greenhouse bench to complete their incubation period. Green¬ 
houses were maintained at approximately 25° C. 

RELATION OF TEMPERATURE TO GROWTH, SPORULATION, AND SPORE 
GERMINATION IN VITRO 

* The rate of growth of CHhherella zeae on Coons’ agar was determined 
after five days at different temperatures. There was a very rapid increase 
in the rate of growth from 8° to 28° C. with an especially significant in¬ 
crease between 20° and 24° C. The growth rate at 32° C. was comparable 
to that obtained at 12° C. and no growth resulted at 36° C. Slow growth 
occurred at 4° C., so the minimum temperature is probably slightly below 
4° C. 

Studies on the effect of temperature on spore production were con¬ 
ducted at the same temperatures as in the growth rate studies. The most 
rapid spore production occurred initially at 28° and 32° C., but on longer 
incubation (after 7 and 12 days) considerably more conidia were produced 
at 32° C. (Fig. 1, A). The strain used in these studies produced very few 
conidia at temperatures below 20° C. and none at 36° C. Thus the best 
temperature for sporulation in culture was not the same as that for growth. 

Microscopic observations made while making spore counts indicated that 
spores from cultures incubated at different temperatures differed morpho¬ 
logically. In order to determine whether the incubation temperatures ex¬ 
erted an influence on the length of the conidia, measurements and records 
of 20 to 25 conidia from one culture incubated at each of the temperatures 
favoring good sporulation (20° to 32° C.) were taken at random. At 20° 
an^ «24° C., 60 to 70 per cent of the conidia were 5-septate and the remain- 
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A. TEMPERATURE-OeCREES CENTIGRADE 



Fia. 1. A. Effect of temperaturo on sporulation by Gihherella geae on Coons’ agar. 
B. The effect of inoculum dosage on the development of Oibberella headblight on wheat 
inoculated in the flowering stage. 
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TABLE 1.— Effect of temperature on the germination of Gibberella zeae conidia 


I Time in hours 


Temperature, 
degrees C. 

6 

24 

48 

72 

Percentage germination® 

4 

0.0 

0.0 

88.9 

93.7 

8 

0.0 

17.4 

95.6 


12 

0.0 

85.9 

96.8 


16 

50.3 

88.5 



20 

85.2 




24 

89.7 




28 

93.5 

. 

. 


32 

91.0 



. 

37 

0.0 

0.0 

0.0 

0.0 


« Based upon counts of 200-400 conidia for each sample. 


der 3- and 4-septate. At 28° C. only 27 per cent were 5-septate while over 
40 per cent were 3-septate and the remainder 4-septate. At 32° C., over 
50 per cent were 2-septate, more than 30 per cent were 3-septate, and a 
few were 1- and 4-septate. Conidia with a like number of septations were 
approximately equal in length at all temperatures. For example, the 3- 
septate conidia measured 37.5-41.2 /a; the 4-septate 41.0-44.1 /a; and the 5- 
septate 47.9-49.5 /a. Thus temperature influenced the length of the conidia 
produced on artificial media through a reduction in the number of septa in 
each conidium. 

The conidia of Oihberella zeae germinate very rapidly. Many were 
observed to have germinated in 3 hours at 28° or 32° C. In 6 hours, nearly 
all the conidia exposed at 20°, 24°, 28°, and 32° C. had germinated (Table 
1). At lower temperatures the rate of germination was considerably 
slower, although the percentage germination at the lower temperatures 
after 48 and 72 hours of incubation was as high as that recorded at 28° C. 
in 6 hours. 

Records on the percentage germination of the conidia (Table 1) supple¬ 
mented by measurements of the germ tubes (Table 2) gave more reliable 

TABLE 2.— Effect of temperature on the length of the germ tubes of Gibberella zeae 


Time in hours 


Temperature, 
degrees G. 


6 24 48 72 


Average length of germ tubes in microns^ 


4 

0.0 

• g 

38.9 

137.8 

8 

0.0 

g 

146.3 


' 12 

0.0 

51.6 



16 

10.6 

131.8 



20 

31.6 




24 

65.2 




28 

111.1 




32 

63.2 





^ g = short knobby germ tubes just beginning to protrude from the conidia. 
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information on the effect of temperature on germination as well as on 
growth. Measurements on germ tube length made at the end of 6 hours 
showed that the most rapid elongation of the germ tubes occurred at 28° C. 
The germ tube measurements from conidia germinated at the different tem¬ 
peratures coincide closely with the data on mycelial growth. 

EFFECT OF INOCULUM DOSAGE ON DISEASE SEVERITY 

The studies on the effect of inoculum dosage on disease severity were 
made to determine the approximate number of spores to apply to the plants 
in the remainder of the experimeAfs on disease development. Initial ex¬ 
periments indicated considerable variation in the amount of infection es¬ 
tablished and in the number of heads and spikelets killed when various 
quantities of conidia were applied to plants. To standardize the pro¬ 
cedures, several experiments were conducted on the effects of inoculum 
dosage on disease development. The results of two of these experiments 
are presented in figure 1, B. The amount of disease development was not 
the same in the two experiments, probably because the plants treated in 
the first experiment were exposed for 48 hours at 25° C. in the humidity 
tent, whereas the other series received an additional exposure of 12 hours 
at the same temperature. Since the application of two million conidia 
per pot resulted in a high percentage of infection in 48 hours at 25° C. 
and in 100 per cent of the heads and spikelets becoming infected and killed 
with 60 hours’ exposure, this conidial dosage was selected as a standard 
for use in the remaining experiments. 

RELATION OF HEAD MATURITY TO DISEASE DEVELOPMENT 

The studies on the relation of inoculum dosage to disease development 
indicate that there is a difference in susceptibility of wheat heads to (?i6- 
herella zeae infection during the various stages of head maturity. Several 
experiments were conducted to determine the relative susceptibility of the 
heads and spikelets to infection from the boot to the past-flowering stage 
of development. 

In order to determine the susceptibility in the various stages of develop¬ 
ment, several wheat heads were tagged and records were obtained on the 
exact stage of development of each of the spikelets on each head prior to 
inoculation with Oibberella zeae. After inoculation the plants were sub¬ 
jected to continued wetness for 48 hours at 25° C. Records on infection 
were taken 3 days after inoculation and on killed spikelets 5 days later 
(Table 3). In another experiment, heads in the before-flowering and flow¬ 
ering stages of development were tagged and observed before and after in¬ 
oculation. The results were the same as those obtained in the previous 
experiment. No infection was observed on spikelets which had not blos¬ 
somed prior to the time when the plants were removed from the humidity 
tent, except in the case of two spikelets which were infected at the base. 
The infection of one of these appeared to have resulted from contact with 
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an infected extruded anther from the spikelet just below it. The anther 
in this case was lodged between the spikelet and the rachis. On the heads 
showing partial anthesis, only those spikelets which had blossomed were 
infected. In this respect, the results appear to support the theories of 
Pugh, Johann, and Dickson (13) who concluded that the progress of in¬ 
fection of the spikelets was dependent upon anthesis. Apparently wheat 
heads are very resistant to infection prior to flowering. 

Atanasoff (2) and Pugh, Johann, and Dickson (13) found that plants 
inoculated in the flowering stage were more susceptible to infection than 
those inoculated in the later stages of development. In order to obtain 
further information regarding the comparative susceptibility of plants in 
the flowering, after-flowering, and past-flowering stages of development, 18 
pots of wheat were inoculated in each of these stages. Six pots from each 
set of 18 were placed in each of the 20°, 25°, and 30° C. humidity tents. 
The results from the 36-hour series are illustrated in figure 2, A. In gen- 


TABLE 3.— Comparative susceptibility of plants in different stages of heading to 
Gihberella headhlight 


Stage of development 
at inoculation 

Heads 


Spikelets 


Inoculated 

Infected 

Inoculated 

Infected 

Killed 


Number 

Per cent 

Number 

Per cent 

Per cent 

Boot ^ . 

23 

0 

131 

0 

0 

Before flowering . 

36 

53 

378 

6 

4 

Flowering . . 

20 

.100 

188 

79 

84 

After flowering . 

6 

100 

46 

98 

87 

Past flowering . 

66 

iOO 

549 

100 

100 


eral, the plants inoculated in the past-flowering stage were more susceptible 
to infection and headblight development than those inoculated in the flow¬ 
ering stage. For example, the series exposed to 36 hours of continued wet¬ 
ness at 25° C. had 54, 68, and 98 per cent of the spikelets infected and 14, 
74, and 94 per cent of the spikelets killed in the flowering, after-flowering, 
and past-flowering stages, respectively. 

A difference was noted in the size of the kernels produced on plants 
inoculated in the various stages and subjected to optimum conditions for 
infection and blight development. Pew or no kernels were produced on 
those plants inoculated in the flowering stage. The kernels from plants 
inoculated in the after-flowering and past-flowering stages were progres¬ 
sively larger. The kernels from plants inoculated during and after the 
flowering stage and up to the dough stage were always small and shrivelled. 

The degree of symptom expression varied with the stage of develop¬ 
ment at the time infection occurred. Heads of wheat infected in the flow¬ 
ering or after-flowering stages were marked by deep brown to slightly red¬ 
dish or creosote-colored lesions. These symptoms first appeared on the 
lemma, then on the base of the spikelets, the rachis, and the culm. Heav¬ 
ily infected spikelets, killed as a result of infection, gradually lost the deep 





Fig. 2. A. The comparative susceptibility of Newthatch wheat in different stages 
of development to infection by Gihberella zeae. Plants were exposed 36 hours to con¬ 
tinued wetness a£ter inoculation. B. The relation of temperature and period of continued 
wetness to Gibberella headblight. Plants inoculated in the past-flowering stage. 
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brown discoloration and became straw-colored. Generally, the dark brown 
discoloration was retained on the culm and rachis. Those plants inocu¬ 
lated in the past-flowering stage of development showed no distinct colora¬ 
tion. Instead, the infected heads and spikelets became bleached and 
straw-colored. 

INFLUENCE OF AIR TEMPERATURE AND MOISTURE ON DISEASE DEVELOPMENT 

Infection Studies 

Several experiments were conducted in which air temperature and 
moisture were studied in relation to the infection of wheat heads inoculated 
with Oibherella zeae. Only three of these will be mentioned specifically 
since the results obtained coincide very closely with those in the other ex¬ 
periments. The experiment on the effect of these factors on the develop¬ 
ment of headblight of wheat in the flowering, after-flowering, and past¬ 
flowering stages of development was mentioned in the preceding section 
(Pig. 2, A). In the second experiment, 72 pots of wheat in the past¬ 
flowering stage of development were inoculated in lots of 8 at regular in¬ 
tervals over a 60-hour period. Two pots from each lot were immediately 
placed in each of the four humidity tents maintained at 15°, 20°, 25°, and 
30° C., respectively. All the pots were removed to the greenhouse bench 
at the end of the 60-hour period. Thus it was possible to make compari¬ 
sons of inoculated plants exposed for 6, 12, 18, 24, 30, 36, 42, 48, and 60 
hours to continued wetness at the 4 temperatures. The results are illus¬ 
trated in figure 2, B. In the third experiment, 96 pots of wheat in the 
flowering stage were all inoculated at one time and distributed equally 
among the 4 humidity tents maintained at the same .temperatures as in the 
experiment just mentioned. Three pots were removed from each tent 
after 6, 12, 18, 24, 36, 48, 60, and 72 hours (Table 4). 

The period of continued wetness appeared to be an important factor in 
the determination of the optimum temperature for infection and headblight 
development. Long exposures at 25° and 30° C. resulted in complete 
killing of all inoculated wheat heads. Plants given a shorter exposure to 
continued wetness at 25° C. always developed the most severe headblight. 
The disease was less severe at 20° than at 25° and 30° C. and only a trace 
of infection occurred at 15° C. 

There appeared to be a definite period during the exposure of inocu¬ 
lated plants to continued wetness at temperatures from 20° to 30° C., in 
which there was a considerable increase in infection and disease severity. 
Infection, in this case, is based upon the visible number of infected spike- 
lets, whereas disease severity is based upon the number of spikelets killed. 
For example, those plants inoculated in the flowering stage and incubated 
at 25° C. showed an increase in infection from 18 per cent with 36 hours 
to 77 per cent with 48 hours of exposure, and the disease severity increased 
from 19 to 64 per cent during this same period. At 20° C. the increase 
in infection was from 30 per cent with 60 hours to 80 per cent with 72 



1948] 


Andersen: Headblight of Wheat 


603 


hours of exposure and disease severity increased from approximately 13 
per cent to 96 per cent during the same period (Table 4). Similar results 
were obtained with plants inoculated in the past-flowering stage (Fig. 2, 
B). This deflnite period, which may be referred to as the ‘‘critical ex¬ 
posure period’’ for infection and headblight development, was not so no¬ 
ticeable at 30° C. 

TABLE 4.— Gibherella headblight resulting from exposure of plants, inoculated in the 
flowering stage, to different periods of continued wetness at different temperatures^^ 


Temperature, 

Exposure 

Heads 


Spikelets 


degrees C. 

period 

Total 

Infcctedb 

Killed^ 


Hours 

Number 

Number 

Per cent 

Per cent 

15 

18 

29 

253 

0.0 

0.0 


24 

29 

226 

0.0 

0.0 


36 

26 

217 

0.0 

0.0 


48 

27 

248 

1.6 

2.0 


60 

29 

244 

0.0 

0.0 


72 

28 

241 

0.0 

1.2 

20 

18 

29 

234 

1.3 

1.3 


24 

28 

273 

2.9 

5.9 


36 

27 

239 

4.2 

6.3 


48 

27 

214 

5.2 

8.0 


60 

28 

239 

30.0 

12.6 


72 

27 

253 

80.6 

68.8 

25 

18 

29 

212 

2.4 

6.6 


24 

27 

237 

5.5 

2.5 


36 

26 

232 

18.5 

19.0 


48 

29 

267 

77.1 

64.0 


60 

27 

243 

83.0 

76.2 


72 

23 

223 

95.6 

84.9 

30 

18 

26 

189 

0.0 

0.0 


24 

28 

232 

0.0 

0.0 


36 

27 

221 

2.6 

3.2 


48 

25 

232 

27.1 

27.1 


60' 

23 

196 

61.2 

29.6 


72 

26 

213 

86.4 

. ...d 


» There were 3 replications for each treatment. No infection resulted after 6 and 12 
hours of exposure. 

b Recorded 6 days after inoculation, 
c Recorded 12 days after inoculation. 
dSome plants were killed by foot-rot. 

The importance of the interaction of moisture, temperature, and stage 
of host development to infection and resulting headblight may readily be 
seen by comparing the results in figure 2, B, with those in table 4. The 
results from these experiments represent a comparison of the past-flower¬ 
ing and flowering stages of development. Thus, at 25° C. the 60-hour 
exposed series had 13 per cent more infection and 20 per cent more spike- 
lets killed in the past-flowering than in the flowering stage. With shorter 
exposures, the differences were less. This is further illustrated in figure 
2, A. Prom these results it appeared that the degree of headblight de- 
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velopment is dependent upon the period of exposure to moisture, the air 
temperature, and the stage of host development as well as the quantity of 
inoculum. 

Period of Incubation 

Pugh, Johann, and Dickson (13) noted that the length of tl^e incubation 
period was influenced by temperature and that higher temperatures (32° 
C.) accelerated the appearance of symptoms. In the present studies, the 
incubation period was determined by making daily observations from the 
time the plants were removed from the tents until symptoms became visible 
(Table 5). Plants inoculated in the flowering stage and exposed for 36 
hours at 25° C., showed symptoms in 2 days, whereas plants from the same 
series which were exposed for 24 hours did not show any sign of infection 
until the fifth day. Similarly, the 48-hour exposed series at 30° C. had 
an incubation period of 2.5 days as compared to 6 days for those receiving 
only 36 hours’ exposure. There was a gradual decrease in the length of 


TABLE 6.— Incubation periods for plants inoculated in the flowering stage with 
Gihberella zeae and exposed to different periods of continued wetness at 15°, 20°, 25° 
and 30° 





Hours of exposure 



Temperature, 
degrees C. 

18 

24 

36 

48 

60 

72 




Incubation period—days 



15 

20 

7 

6 

6 

5 

4 

3 

25 

6 

5 

2 

2 

2 ' 

2 

.30 



6 

2.5 

2.5 

2.5 


» Plants were incubated on the greenhouse bench at 25° C. after removal from the 
humidity tent. 


the incubation period for those plants inoculated in the flowering stage 
and exposed at 20° C. It appears that the length of the incubation period 
was determined entirely by the establishment of the fungus in the host 
tissues at the time the plants were removed from the tents and placed on 
the greenhouse bench, and that temperature and moisture were the con¬ 
trolling factors in the initial establishment of this infection. 

Symptom Expression 

Aerial mycelium was consistently observed on the surface of the glumes 
at the time the plants were removed from the humidity tents. In order to 
determine if there was any relationship between its presence and the length 
of exposure to continued wetness at various temperatures, records were 
taken on the presence or absence of mycelium on inoculated wheat heads 
at the time they were removed from the tents. In general, the amount of 
aerial mycelium increased with the length of exposure at any one tempera¬ 
ture., Ther§ was considerably more at 30° than at 25° C., but less at 20° 
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C. The presence of aerial mycelium on a spikelet was not a sign of infec¬ 
tion of that particular spikelet. It was consistently noted that mycelium 
growth occurred most frequently in degenerating anther tissue. These 
observations show that temperature and moisture, as well as stage of de¬ 
velopment, influence the growth of aerial mycelium on the surface of the 
spikelets. 

Differences were also noted in the degree of color expression. Those 
plants exposed at 30° C. produced the least discoloration. The deepest 
browning occurred on those plants exposed to temperatures of 20° and 25° 
C. For those in the latter groups the symptoms appeared to be more pro¬ 
nounced in those plants exposed the longest to continued wetness. 

Discontinuous Wetness 

To simulate the variable environment occurring under natural field con¬ 
ditions, inoculated plants were exposed to discontinuous or intermittent 


TABLE 6. —Effect on resulting headblight on plants inoculated in the flowering 
stage with Gibberella zeae, of no exposure and a 6-hour initial exposure to continued 
wetness at 25^ C, followed by 4 and 8 days of drying and a second wetness period of 
48 hours at 25° C. 


Exposure 

period 

Drying 

period 

llcdds 


Spikelets 



Total 

Infected 

Killed* 

Hours 

Bays 

Number 

Number 

Per cent 

Per cent 

0 

4 

13 

111 

15.3 

10.0 


8 

15 

150 

36.7 

15.3 

6 

4 

17 

191 

21.5 

9.4 


8 

19 

191 

33.0 

19.9 

48 

0 

15 

144 

9.3.0 

52.1 


a Recorded 10 days after inoculation, 

kvetness in the greenhouse. In one experiment, 10 pots of wheat were in- 
3culated in the flowering stage and treated as follows: (a) Two pots were 
exposed to continued wetness for 48 hours at 25° C. immediately after in¬ 
oculation; (b) four pots were exposed 6 hours to continued wetness at 25° 
C. and (c) four were immediately placed on the greenhouse bench in a 
relatively dry environment. Four and 8 days later, 2 pots from series b 
and 2 pots from series c were subjected to 48 hours of continued wetness 
at 25° C. (Table 6). It was found that drying periods of 4 or 8 days im¬ 
mediately after inoculation or a short wet period of 6 hours followed by a 
4- or 8-day dry period resulted in a considerable reduction in infection and 
disease severity. Identical conclusions were made from the results obtained 
in two similar experiments. 

Sporulation 

The preceding sections dealt principally with the initial establishment 
of infection and subsequent disease development as influenced by tem¬ 
perature and moisture. This section is devoted to a study of the relation 



606 


Phytopathology 


[VoL. 38 


of these factors to sporulation on wheat heads, a feature which is impor¬ 
tant to the secondary spread of the fungus under field conditions. In the 
first set of experiments, the plants were inoculated and exposed for 48 
hours to continued wetness at 25° C. and then incubated on the greenhouse 
bench for a week until the symptoms were well developed and some of the 
spikelets killed. At the end of this period several of the plants were re¬ 
exposed to continued wetness for indefinite periods. Wheat heads were 
removed at regular intervals, washed in water, and conidial counts made 
to determine the number of conidia present on the heads. The results 
from one of these experiments are presented in table 7. The second set 
consisted of plants which were inoculated and placed immediately in the 
tents for indefinite periods. Heads were removed from these plants at 
periodic intervals and the number of conidia determined. The results 
from a representative experiment are presented in table 8. In this way a 

TABLE 7.— Sporulation of GibbercUa seae on infected heads of plants exposed for 
different lengths of time to continued ^wetness at ^0^, ^5° and 30^ C. in the humidity 
tents^ 


Temperature, 
degrees C. 

Hours of exposure to moisture^ 

24 

48 

72 

15 

0.00 

0.34 

2.62 

20 

0.28 

3.10 

11.88 

25 

0.63 

4.27 

14.11 

30 

0.31 

1.63 

5.11 


• Values represent average number of conidia, in millions, from 3 heads. 

*>No conidia were present on those heads removed after 12 hours ^exposure. 

good estimate of the number of days required for conidia to be produced 
and the rate at which they were produced was obtained. 

Differences in sporulation were encountered on the heads of wheat in 
which infection was already well established when they were placed in the 
humidity tents and exposed to continued wetness for various periods at 
temperatures of 15°, 20°, 25°, and 30° C. (Table 7). A few conidia were 
produced after 24 hours of exposure at the three higher temperatures. 
Conidia were produced in 48 hours on the heads exposed at 15° C. In a 
previous experiment in which heads were removed from plants after ex¬ 
posures of 12, 18, and 24 hours, conidia were produced only on those re¬ 
moved after 24 hours. The best temperatures for sporulation were 20° 
and 25° C. At these temperatures an average of 3-4 million conidia was 
produced on each head in 48 hours and 12-14 million in 72 hours. 

Slightly different results were obtained in those studies on sporulation in¬ 
volving plants exposed continuously to moisture from the time of inocula¬ 
tion (Table 8). In this series only the 20°, 25°, and 30° C. temperature 
tents were used. Initial experiments indicate that at least 3 days would 
be necessary for conidia to be produced on wheat heads treated in this 
mautier and exposed at any of the above mentioned temperatures. In this 
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experiment (Table 8) a few conidia were observed at 20° C. 5 days after 
inoculation, and an average of 5 million conidia per head after 6 days. At 
25° C., an average of 36 million conidia per head was produced 6 days after 
inoculation. Like results were obtained with Cadet wheat plants that re¬ 
ceived similar treatments. It is evident that a longer time was required for 
conidia to be produced on plants inoculated and exposed continuously to 
moisture than on plants which already had disease lesions present on their 
heads at the time they were subjected to continued wetness. This is prob¬ 
ably because the fungus must establish itself in the host tissue before it can 
begin to reproduce. 

To obtain further information on sporulation of Gihherella zeae on in¬ 
fected wheat heads under different temperature conditions, such heads 
were removed from the plants and placed in water. The heads were divided 
into seven lots and each lot put in a small humidity chamber prepared by 

TABLE 8— Sporulation of Gibherella zeae on heads of wheat inoculated in the 
flowering stage and exposed to continued wetness at 20°, 25°, and 30° C. in the humidity 
tents** 


Temperature, _ 


Hours of exposure to moisture 

degrees C. 

72b 

96 

120 

144 

20 

0.00 

0.00 

0.15 

5.00 

25 

0.58 

1.60 

8.19 

36.82 

30 

0.27 

1.51 

13.44 

17.84 


a Values represent average numbers of conidia, in millions, from 3 wheat heads, 
b No conidia were present on those heads removed after 48 hours of exposure. 

lining a 4000-ml. beaker with moist paper toweling and covering it with a 
glass plate. The heads were incubated at 4° intervals from 8° to 32° C. 
Three heads were removed from each set at 12-hour intervals for the first 
60 hours and at two subsequent 24-hour intervals. The total number of 
conidia present bn each sample was determined. A few conidia were pro¬ 
duced within 48 hours at 24° and 28° C. After 3 or 4 days, numerous 
conidia were being produced at temperatures from 20° to 32° C., and a few 
at 16° C. It is evident from these studies that high temperatures favor 
sporulation as well as infection and disease development. 

DISCUSSION 

It was apparent that the isolate used in these studies was similar in its 
temperature requirements to those isolates used by Dickson (4), MacInnes 
and Fogelman (9), Tu (17), and Tanja (16). Collectively, these authors 
found that the cardinal temperatures for the growth of Gibherella zeae 
were approximately 3°, 24-28°, and 32-36° C. In the present studies the 
cardinal temperatures for growth were approximately 4°, 28°, and 32° C., 
with no growth at 36° C. Further evidence of this agreement was ob¬ 
tained by comparing the results on infection studies obtained by Pugh, 
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Johann, and Dickson (13) with similar observations made in the present 
studies. 

Many factors enter into a study on the relationship of the environment 
to disease development. In the present studies on the development of 
wheat headblight caused by Gibberella zeae, some of the more important 
factors encountered which influenced the amount and severity of disease 
development \vere the inoculum dosage, the stage of host maturity, the 
period of exposure of the plants to a moist atmosphere, and the air tem¬ 
perature at the time of exposure. The factors relating to the variation of 
the pathogen were not considered in this study, although they, too, are of 
utmost importance in a study of this type (17). However, all of these 
factors are sufficiently important to be considered not only in greenhouse 
experimentation but in fleld experimentation as well, whether it be by the 
plant pathologist or the plant breeder. 

Inoculum dosage was shown to affect the amount and severity of wheat 
headblight. In the field this would entirely depend upon the prevalence 
of the pathogen on crop residues and as^ result, it would be affected by 
the control measures applied. MacTnnes and Fogelman (9), Dickson and 
Mains (5), Muncie (11) and others suggest that Gibberella headblight 
(scab) can be kept to a minimum by using clean seed, practicing field sani¬ 
tation, and by using proper crop rotation. 

The stage of Tiost maturity at the time of incubation and infection was 
another factor of considerable importance. This had already been men¬ 
tioned by Pugh, Johann, and Dickson (13) who noted that wheat was most 
susceptible to infection in the flowei/ing stage. The results from this study, 
however, indicated that there was an increase in susceptibility of wheat 
heads to infection as the plants increased in maturity from the flowering to 
the past-flowering stage. This discrepancy with previous work may have 
resulted from differences in the method of incubation or in the method of 
evaluating infection. Pugh, Johann, and Dickson (13) incubated their 
plants continuously in chambers maintained at approximately 70 per cent 
relative humidity and based their conclusions on the greater reduction in 
kernel weight and on the larger number of infected seeds which they ob¬ 
tained from plants inoculated in the flowering stage. The results pre¬ 
sented in this paper were based on the number of infected and killed spike- 
lets. If the seeds from the 36-hour series at 25° C. had been weighed, no 
doubt those from the flowering stages would have weighed more than those 
from the past-flowering stage. However, had the 60-hour series at 25° C. 
been used as a basis for comparison, then higher yields would doubtless 
have been obtained from those plants inoculated in the past-flowering stage 
since there were few or no kernels produced on those plants inoculated in 
the flowering stage. This would indicate that the relative susceptibility of 
the plants in the different stages of development was dependent upon the 
length of exposure to continued wetness. However, in all the experiments 
on Gibberella headblight reported upon in this paper, it was consistently 
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noted that the plants inoculated in the past-flowering stage were more 
susceptible than those given a similar treatment in the flowering stage. 

Several workers (2, 3, 5, 8, 9, 10, 12, 14, 15) have mentioned that Gib- 
berella headblight of wheat is favored by periods of wet, humid weather 
and high temperature during the heading period. They did not, however, 
determine how long an exposure was necessary for infection. Atanasoff 
(2) and Christensen, Stakman, and Immer (3) further stress the impor¬ 
tance of these conditions to sporulation and secondary spread of the or¬ 
ganism. The results presented in this paper confirm the observations made 
by the above authors as to the important part played by moisture and tem¬ 
perature in the development of Gibberella headblight epiphytotics. Not 
only do these two factors influence the establishment of infection, but they 
influence the numbers and the rapidity at which conidia are produced on 
the infected heads. It would be difficult to estimate the actual numbers of 
conidia that could be produced within 2-3 days in a field of infected wheat 
under optimum conditions for sporulation and blight development. The 
fact that the fungus is capable of establishing itself in the host tissue within 
24-36 hours at 25° C., and, in addition, is able to produce one-half million 
new conidia on each infected wheat head within 72 hours, may be a partial 
explanation of why the organism is capable of spreading rapidly under 
favorable weather conditions. 

Of special significance to those investigators involved in the control of 
Gibberella headblight by breeding for disease resistance, was the varying 
amount of infection and severity of headblight development resulting from 
the exposure of the inoculated plants to different temperature and moisture 
conditions during different stages of development. Wheat varieties are 
ordinarily tested for resistance in the .field where conditions vary from 
day to day and from season to season. Very seldom, under such condi¬ 
tions, are all plants in the same stage of development at the time of inocu¬ 
lation and when favorable conditions for infection and headblight develop¬ 
ment prevail. Therefore, it would be expected that various degrees of in¬ 
fection may be present and that many plants may escape infection entirely. 
The conclusion of Christensen, Stakman, and Immer (3) that ‘‘Consider¬ 
able caution is necessary in drawing conclusions from the results of varietal 
tests unless they are conducted for several years under carefully replicated 
and controlled conditions,” is borne out by this work. 

SUMMARY 

1. The growth of Gibberella zeae mycelium and the germination of the 
conidia took place at temperatures from 4° to 32° C., with the most rapid 
growth of the mycelium and the elongation of the germ tubes occurring at 
28° C. The most rapid germination occurred at 28° and 32° C. 

2. The most rapid production of conidia occurred at 28°-32° C. on 
agar media; but on longer incubation, more conidia were produced at 32° 
C. than at any other temperature. Few conidia were produced at and 
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below 16° C. and none were produced at 36° C. Mainly 5-septate conidia 
were formed at 20°-24° C., whereas 2-septate conidia predominated at 
32° C. 

3. Conidia were produced on infected heads of plants exposed to con¬ 
tinued wetness at temperatures from 15° to 30° C. The maximum number 
was produced on those heads exposed at 25° C. with high production 
occurring at 20° C. At 25° C., conidia were produced within 24 hours on 
plants which already had infection well established at the time the plants 
were exposed to continued wetness, whereas 72 hours of exposure were re¬ 
quired for the formation of conidia on plants exposed to continued wetness 
from the time they were inoculated. An average of 14 million conidia per 
head was produced in 3 days after re-exposure of the infected plants and 
36 million were produced in 6 days on plants exposed continuously after 
inoculation. 

4. The amount of infection and disease severity increased with an in¬ 
crease in the amount of inoculum up to 1.0-2.0 million conidia per pot of 
10 wheat plants. 

5. Little infection occurred on wheat heads inoculated prior to flower¬ 
ing. The order of increased susceptibility of wheat to Gibber ell a head- 
blight was from the flowering to the past-flowering stages, with decreasing 
susceptibility at late stages of seed development. 

6. The best temperature for infection and headblight development was 
25° C. Little or no infection occurred at 15° C. More rapid infection 
occurred at 30° than at 20° C., but after 60-72 hours^ exposure to con¬ 
tinued wetness the amount of infection and disease development was ap¬ 
proximately the same at these two latter temperatures. 

7. The period of exposure to continued wetness favoring maximum in¬ 
fection and disease severity varied with the stage of host development and 
the temperature during exposure. The period of exposure necessary for 
infection was the shortest at 25° C., becoming progressively longer at the 
lower and higher temperatures. The exposure period necessary for infec¬ 
tion was the shortest (at any one temperature) for those plants inoculated 
in the past-flowering stage and longest for those inoculated in the flowering 
stage. 

8. The critical exposure periods for disease severity were, for plants 
inoculated in the past-flowering stage, from. 48 to 60 hours at 20° C. and 
36 to 48 hours at 25° C.; for plants inoculated in the flowering stage, 60 
to 72 hours at 20° C., and 36 to 48 hours at 25° C. 

9. Symptoms became visible 2 days after inoculation on plants inocu¬ 
lated in the flowering stage and exposed to continued wetness for 36 hours 
at 25° C. At 20° and 30° C. with the same exposure period, no symp¬ 
toms were visible until after 6 days’ incubation. In general, longer incu¬ 
bation periods were encountered at the lower and higher temperatures and 
with shorter periods of exposure to continued wetness at any one of these 
temperatures. 
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10. A dry period of 4-8 days immediately following inoculation of 
plants or following an initial 6-liour exposure of inoculated plants to con¬ 
tinued wetness, resulted in a reduction in disease severity in comparison 
with that obtained on plants receiving no intermediate drying period after 
inoculation. 

Camp Detrick, 

Frederick, Maryland. 
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RELATION OF SOIL FUMIGATION, NEMATODES, AND INOCULA¬ 
TION TECHNIQUE TO BIG VEIN DISEASE OP LETTUCE 

M. W. Alleni 

(Accepted for publication March 8, 1948) 

There are only a few known plant viruses whose occurrence in nature 
seems to be intimately associated with the soil. These viruses, or the diseases 
they cause, are frequently referred to as being soil-borne. The best known 
virus of this type is probably that causing mosaic of wheat (10). Big vein 
of lettuce and some oat mosaics (13) are also soil-borne. These diseases seem 
to have the following characteristics in common: They occur in nature only 
when susceptible plants are grown in soil containing the causative agent; 
vectors, if they exist are not known; infested soils can be made non-infective 
by treatment with formaldehyde or by partial steam sterilization; they are 
more common in heavy soils than in light soils; the causative agent persists 
in the soil for long periods of time in the absence of known host plants; infec¬ 
tion under natural conditions appears to take place through the roots of 
susceptible plants. 

The suggestion that nemtaodes might be possible vectors of the soil-borne 
virus causing winter wheat mosaic was made by McKinney (11) and John¬ 
son (7). Johnson (7) found that the symptoms of wheat mosaic did not 
develop in wheat grown in soil treated with certain fumigants. He sug¬ 
gested that the action of the fumigants was probably on a vector rather than 
on the virus. McKinney (12) also suggested that wheat-mosaic-infested soil 
contained some important contributing factor in addition to virus and that 
it was possible that the virus occurred in some soil-inhabiting organism that 
served as a vector. 

The present investigation was undertaken to ascertain the relationship of 
nematodes to the transmission of lettuce big vein. Experiments with arti¬ 
ficial transmission were undertaken to determine the probable action of fumi¬ 
gants on big-vein-infested soil and to clarify results obtained in nematode 
transmission tests. Observations were also made on some physical proper¬ 
ties of the virus. 

REVIEW OF LITERATURE 

Lettuce big vein disease was first described by dagger and Chandler (5) 
from lettuce grown in the Imperial Valley of California, dagger and 
Chandler (5) stated that the causal agent of big vein was apparently soil 
borne since symptoms of the disease did not develop in plants grown in soil 
treated with formaldehyde or by partial steam sterilization. It was found 
that the incidence of the disease was not influenced by the addition of certain 
chemicals and fertilizers to infested soil. They also reported that the causa¬ 
tive agent could persist in soil for long periods of time in the field and in the 
greenhouse. 

* 1 Assistant Professor of Entomology and Assistant Ncmatologist in the Experiment 

Station, University of California, Berkeley. 

612 



1948] 


Allen : Bio Vein Disease of Lettuce 


613 


The effect of soil moisture on the development of the symptoms of lettuce 
big vein disease was investigated by Pryor (14). He found that high soil 
moisture favored the development of the symptoms in lettuce, and that 
vigorously growing plants seemed to be most readily affected by the disease. 
He reported that the earlier a plant developed the disease, the smaller its 
final size. Thompson and Doolittle (17) observed that lettuce appeared to 
develop symptoms of big vein disease more readily in air temperatures of 
7.2° to 15.5° C. than in air temperatures of 10° to 23.8° C. Pryor (15) 
found that the optimum soil temperature for the development of big vein 
symptoms was approximately 22^ C. However, he reported that lettuce 
plants developed symptoms at all soil temperatures ranging from 18° to 30° 
C. 

Eawlins and Tompkins (16) obtained negative results in the artificial 
transmission of big vein by leaf-rubbing with juice from the foliage of 
infected plants, with and without carborundum as an abrasive. Pryor (15), 
reporting the results of investigations conducted in 1941, also obtained nega¬ 
tive results in experiments involving artificial transmission of the disease. 
He concluded from the results of numerous trials that big vein is rarely, 
if ever, transmitted by the seed of infected plants. Thompson, Doolittle, 
and Smith (18) were unable to transmit big vein by any of the methods 
commonly used to transmit plant viruses, but Doolittle and Thompson (2) 
reported a year later that they had been successful in artificially transmitting 
lettuce big vein virus. They succeeded in obtaining infection in 56 out of 
76 plants inoculated by rubbing leaves or pricking freshly extracted root 
juice from big-vein-infected plants into the leaves or stems of healthy plants. 
Parallel inoculations with the juice from the mottled leaves of the plants 
whose roots were used as inoculum produced no infection. Eighty control 
plants remained healthy throughout the experiment. 

Several insect species have been tested as possible vectors of lettuce big 
vein disease. Thompson, Doolittle, and Smith (18) obtained no evidence 
of big vein transmission with Aphis gossypii Glover, Macrosiphum solanifolii 
(Ashmead), and Trialeurodes vaporariorum (Westwood). A low percent¬ 
age of transmission was reported using as vectors Myzus persicae (Sulzer), 
Myzus circumflexus (Buckton), and an undescribed Macrosiphum species. 
They were apparently able to secure some transmission of lettuce big vein 
virus with the root aphid Pemphigus lactucae (Fitch). It is pointed out by 
thesef authors that the presence of big vein disease in the control plants of 
their experiment might be explained on the basis of the migratory habits of 
this aphid. Pryor (15) did not obtain consistent transmission of lettuce 
big vein virus by the aphids, Macrosiphum solanifolii (Ashmead), Myzus 
solani Kaltenbach, and Myzus persicae (Sulzer). The root aphid, Pemphi- 
gus lactucae (Fitch), was not present in his greenhouse and he suggested 
that other vectors might exist. 

Soil transmission of lettuce big vein virus has been reported by dagger 
and Chandler (5), Thompson, Doolittle, and Smith (18), and Pryor (15). 
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Pryor (15) prepared leachates from big-vein-infested soil and found that 
filtering this leachate through a medium Handler filter removed the causa¬ 
tive agent. Unfiltered leachate added to big-vein-free soil produced big 
vein symptoms in four of 84 plants. That leaching the soil with large 
amounts of water does not reduce the infectivity of the soil was reported by 
dagger and Chandler (5) and Pryor (15). Pryor (15) diluted big-vein- 
infested soil one part to 800 parts of autoclaved soil and found the incidence 
of disease was only slightly reduced by the dilution. He reported that 
air-dry soil remained highly infective for at least eight years. 

MATERIALS AND METHODS 

The investigations on the transmission of lettuce big vein virus were 
conducted in the greenhouse and in the laboratory. Big-veiii-infested soil 
was secured from infested lettuce fields in the Salinas Valley. In certain 
experiments infested soil was mixed with greenhouse soil at a ratio of one 
to one. This was considered satisfactory procedure since Pryor (15) has 
reported that such dilutions do not decrease the infectivity of the soil. 

Handling of Nematodes. The nematodes tested as possible vectors of 
big vein virus were collected from soil in which diseased lettuce plants were 
growing. They were removed from the infested soil by the procedure out¬ 
lined by Cobb (1). This consisted of mixing soil containing the nematodes 
with water. The soil-water mixture was passed through a series of graded 
screens and finally through a piece of finely woven bolting silk. The silk 
used in these experiments had apertures of 30 to 50 microns in diameter and 
retained large numbers of the small nematodes present in the soil. The 
residue remaining in each screen was placed in tap water ajid examined under 
a dissecting microscope. Nematodes were removed from the residue by 
means of a fine bamboo splinter. Bach nematode was handled singly to 
avoid transfer of the debris present in the screening residue. Nematodes 
were transferred to a small watch glass containing distilled water. After 
the nematodes to be used in any particular test had been collected, they were 
transferred to heat-treated, autoclaved or fumigated soil by means of a small 
pipette. The treated soil was contained in four-inch or six-inch greenhouse 
pots. After inoculation of the soil with nematodes, the pots were placed on 
wooden benches in the greenhouse and lettuce seed was planted directly into 
the soil or a lettuce seedling grown in virus-free soil was transplanted into 
each pot. Lettuce in these tests was grown in the inoculated soil at least 
60 days before the final results were recorded. In several experiments plants 
were held under observation more than 90 days before they were discarded. 
In most instances plants were examined daily beginning 20 days after seed¬ 
ing or transplanting of the lettuce for evidence of the development of big 
vein symptoms. 

Securing Virus-free Soil. The soil used in nematode and artificial 
transmission investigations was treated by one of three methods to make it 
free from big vein infestation. The first experiments involved the use of 
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soil that had been heat-treated in a box type electrically heated soil sterilizer. 
In subsequent experiments the soil was autoclaved at 17 lb. steam pressure 
for at least four hours or fumigated with one ml. of chlorpicrin per gal. 
(231 cu. in.) of soil. The latter two methods proved to be more effective 
in eliminating big vein from the soil. 

Methods of Artificial Inoculation, Artificial transmission experiments 
were undertaken using the carborundum leaf-rubbing method described by 
Rawlins and Tompkins (16). In some tests root juice containing the virus 
was rubbed on the leaves of healthy plants with thumb and forefinger. In 
the more exacting tests the infective juice was rubbed on the leaves, in the 
presence of carborundum, with a small cotton swab soaked in the infective 
juice. 

Soil Fumigation, Fumigation tests to determine the effect of soil fumi¬ 
gants on big-vein-infested soil were carried out using infested soil from the 
field. Prior to fumigation the soil was thoroughly mixed and placed in one- 
gallon jars. The desired amount of fumigant was introduced into the jar 
with a pipette and the lid of the jar immediately put in place. The soil was 
retained in the closed jar for a 48-hour period and then transferred to six- 
inch greenhouse pots. An aeration period of six days was allowed before 
lettuce seedlings grown in disease-free soil were transplanted into the fumi¬ 
gated soil. In some experiments it was necessary to make slight changes in 
the procedures outlined above. These are discussed in detail in connection 
with the particular experiments involved. 

TRANSMISSION TESTS WITH NEMATODES 

Some nematodes have feeding habits that might be favorable for the 
transmission of a virus. Nematodes belonging to the families Tylenchidae 
and Aphelenchidae possess a stylet that is frequently used to pierce plant 
cells during the feeding process. Most nematode species in the two families 
have a bulb-like muscular metacorpus located in the median portion of the 
esophagus. This bulb is equipped with a triradiate valve which serves as 
a sort of pump to suck out the contents of cells punctured by the stylet. 
Linford (8) has observed that several nematode species regularly eject 
secretions of the esophageal glands during the feeding process. This appears 
to be essentially the same process by which insect vectors are thought to 
transmit plant viruses. An investigation of the relationship of nematodes 
tp the transmission of lettuce big vein virus was undertaken because of the 
apparent underground mode of infection, because no previous investigation 
had been made regarding the possibility that some nematode might be a 
vector of big vein virus. 

Prior to inoculating virus-free soil with nematodes, samples of big-vein- 
infested soil were examined to determine the nematode species commonly 
associated with the roots of diseased lettuce plants. The roots of infected 
lettuce plants were carefully washed free of soil and examined for the 
presence of nematodes that might be feeding on the roots. In addition some 
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roots were stained with acid-fuchsin in lacto-phenol following the procedure 
suggested by Goodey (3). These roots were carefully examined for the 
presence of nematodes within the root tissues. 

The nematode Paraiylenchus macrophallus (de Man) was the only 
species observed feeding on the roots of lettuce. For this reason it was given 
first consideration as a possible vector of lettuce big vein virus. Aphelenchus 
avenae Bastian, a species frequently observed in the roots of plants, was 
found to be rather abundant in the soil around the roots on infected lettuce. 
This species was not observed feeding upon the roots or within root tissue. 
But because of its abundance in the soil A, avenae along with P. macrophaU 
lus was used in the initial transmission studies. Acroheloides hutschUi (de. 
Man), Criconemoides mutahUe Taylor, and Rhabditis monohystera Biitschli 
were used separately in subsequent tests. Other nematode species found in 
> 

Table 1. —Number of lettuce plants developing big vein symptoms when grown in 
heat-treated and autoclaved soil inoculated with nematodes taken from infective soil, in 
heat-treated soil, autoclaved soil, and in soil infested with big vein 


Treatment 

Number of 
nematodes 
per plant 

Number of 
plants 
inoculated 

Number of 
plants 
infected 

Paratylenchus macrophallus . 

50 

10 

5* 

do. . 

100 

29 

0 

Aphelenchus avenae . 

20 

10 

0 

Acrobeloides butschlii . 

50 

20 

0 

do. . 

100 

20 

0 

Rhabditis monohystera . 

100 

10 

0 

Criconemoides mutabile . 

16 

10 

0 

Miscellaneous nemas . 

50 

20 

1« 

* do. . 

100 

20 ’ 

3a 

Oligocheat worms . 

5 

20 - 

0 

Heat-treated soil. 


10 

2a 

Autoclaved soil . 


40 

0 

Infested soil . 


34 

33 


a Source of infection uncertain, possibly inadequate heat treatment. 


infested soil were not isolated as a single species but were placed in the 
disease-free soil as miscellaneous lots of nematodes. The following species 
were present in these lots: Aphelenchoides parietinus (Bastian), Acro¬ 
heloides hutschlii (de Man), Chiloplacus sp., Dorylaimus obscurus Thorne, 
Dorylaimus simplex Thorne, Dorylaimus monohystera de Man, Panagro- 
laimus subelongatus (Cobb), Rhabditis monohystera Biitschli, and Tylenchus 
filiformis Biitschli. A few larvae of the sugar-beet nematode, Heterodera 
schachtii Schmidt, were also present in these lots. J’he inoculation experi¬ 
ments with nematodes were repeated several times and the results are sum¬ 
marized in table 1. 

The evidence of nematode transmission of the virus causing big vein of 
lettuce is mostly negative in these experiments. In no instance was it pos¬ 
sible to consistently demonstrate nematode transmission. The relatively few 
eases of apparent nematode transmission were probably the result of 
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inadequate heat-treatment of the soil prior to inoculation or to outside 
sources of infection. 

failure to obtain transmission of lettuce big vein virus 

BY LEAF INOCULATION 

Successful artificial transmission of lettuce big vein virus has been re¬ 
ported only by Doolittle and Thompson (2). Rawlins and Tompkins (16), 
Thomi>son, Doolittle, and Smith (18), and Pryor (15) have reported nega¬ 
tive results when they inoculated healthy lettuce plants with the juice ex¬ 
tracted from the leaves of infected plants. In order to corroborate the 
results reported by Doolittle and Thompson (2), 20 lettuce seedlings grown 
in autoclaved soil were inoculated. Freshly extracted root juice of lettuce 
plants infected with big vein virus was rubbed with the thumb and fore¬ 
finger, in the presence of carborundum, on the leaves and cotyledons of the 
seedlings. Twenty lettuce seedlings grown in autoclaved soil were trans¬ 
planted into big-vein-infested soil and 20 into autoclaved soil: Nine of the 
20 inoculated seedlings became infected with big vein virus and 19 of the 
20 seedlings transplanted into infested soil developed symptoms. All of the 
20 seedlings transplanted into autoclaved soil remained healthy. 

The results obtained in the experiment appeared to confirm those re¬ 
ported by Doolittle and Thompson (2), since symptoms of big vein did not 
develop in the plants growing in autoclaved soil. There was, however, a 
considerable difference between the incubation period of about 79 days 
for the inoculated plants in the present experiment and the incubation 
period of 45 days reported by Doolittle and Thompson (2). It does not 
appear probable that this difference in incubation time can be attributed to 
variation in the environmental conditions of the experiments inasmuch as 
the average incubation period of 40 days for plants grown in big-vein-in¬ 
fested soil is close to the incubation period of 45 days reported by Doolittle 
and Thompson (2-) for lettuce grown in big-vein-infested soil. 

The long period of time required for leaf-inoculated lettuce plants to 
develop symptoms (79 days) gave rise to doubt as to the actual avenue of 
entrance of the virus into the plants. In this experiment no precautions 
were taken to prevent contact of the inoculated foliage with the autoclaved 
soil in which the plants were growing. The leaves of the inoculated plants 
were not washed after they had been rubbed with the infective root juice and 
carborundum. However, the plants were irrigated by pouring water on the 
surface of the soil. This could have served to wash virus present on the 
external surfaces of inoculated leaves into the soil. In order to obtain more 
exact information concerning the path by which the virus actually entered 
the leaf-inoculated plants, additional experiments on artificial transmission 
were undertaken. 

One hundred twenty-five six-inch greenhouse pots were filled with soil 
and autoclaved for five hours at 17 lb. steam pressure. The pots were then 
placed in the greenhouse on benches previously drenched with a five per cent 
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formaldehyde solution. Lettuce seed was planted in the autoclaved soil 
and after germination the lettuce was thinned so that two seedlings remained 
in each pot. When these seedlings reached the four-leaf stage, one plant 
in each of 75 pots was inoculated by rubbing the leaves, in the presence of 
carborundum, with root juice freshly extracted from big vein lettuce plants. 
The soil in another lot of twenty pots was inoculated by pouring two ml. of 
the infective juice onto the surface of the soil. The remaining 25 pots, each 
containing two plants, were retained as control plants to check the efficacy 
of the autoclaving treatment. The results of this experiment are given in 
table 2. 

The results clearly demonstrate that the virus causing big vein of lettuce 
can be transmitted by pouring infective root juice extracts on the soil. 
Forty-eight out of 50 lettuce plants grown from seed in autoclaved soil that 
was inoculated with two ml. of infective root juice developed big vein symp- 


TABLE 2.— Number of lettuce plants grown in autoclaved soil developing big vein 
symptoms as the result of leaf-inoculation and soil inoculation with infective root juice 
extracted from big vein infected lettuce plants 


Treatment 

Number of 
plants 

Number of 
plants 
infected 

Days for 
symptoms, 
average 

Autoclaved soil* 

Leaf-inoculated . 

75 

17 

53.6 

Not inoculated. 

75 

lib 

58.0 

Autoclaved soil . 

50 

0 


Autoclaved soil 

2 ml. juice poured 
* in each pot . 

50 

48 

47.3 


■ Two plants per pot, oi.e plant inoculated, the other not inoculated. 
Six of these were the only ones of the jiair to become infected. 


toms. Since lettuce seed was planted directly in the pots containing the 
autoclaved soil, the virus seems to have gained entrance into the plants in the 
absence of wounds other than those that might occur naturally during the 
growth of the lettuce. None of the plants grown from seed planted in un¬ 
treated autoclaved soil developed big vein symptoms. 

In the test in which one plant per pot was inoculated by leaf-rubbing and 
the other plant was not inoculated, the results obtained can be explained 
on the basis of infection through the soil. Seventeen of the 75 plants inocu¬ 
lated by leaf-rubbing developed big vein symptoms and 11 of the 75 plants 
that were not inoculated but grown in the same pots became infected. The 
average incubation period for the inoculated plants was about 53 days as 
compared to 58 days for the plants that were hot inoculated. In some 
instances noninoculated plants in pots with inoculated plants developed 
symptoms before they appeared in the leaf-inoculated ones. Also, in six 
of the pots only the plant that was not leaf-inoculated developed symptoms. 
The incubation period was only 47 days where the inoculum was poured 
into the soil. Presumably this method supplied more inoculum to the roots 
in a Bhorter period of time. 
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The data presented in table 2 indicate that infection with big vein virus 
through the foliage of lettuce plants is questionable. The most logical ex¬ 
planation for the results seems to be that infection did not develop as the 
result of leaf-inoculation, but as the result of the virus used in leaf-inocu¬ 
lations gaining access to the soil and infecting the plants by way of the roots. 
However, since the foliage of the lettuce plants was not protected from the 
inoculated soil, the possibility of infection through the leaves from contact 
with the soil was not eliminated. For this reason the experiment was re¬ 
peated with methods that would prevent foliage contact with the soil. 

Forty four-inch greenhouse p'bts were filled with soil previously fumi¬ 
gated with chlorpicrin at the rate of one ml. per gal. of soil. Lettuce seed¬ 
lings grown in similar fumigated soil were transplanted into these pots. A 
cotton pad one-half inch thick was then placed over the surface of the soil 
contained in each pot so as to prevent contact of the leaves with the soil. 
This pad was retained in place throughout the experiment. The lettuce 


TABLE 3. —Number of lettuce plants developing big vein symptoms as the result of 
controlled leaf-inoculation^ leaf-inoculation followed by washing of the plants, soil inocu¬ 
lation with five milliliters of infective root juice, and no treatment 


Treatment 

Number of 
plants 
inoculated 

Number of 
plants 
infected 

Leaf inoculation 

(soil covered) . 

40 

0 

Leaf inoculation 
(soil not covered, 
plants washed) . 

36 

31 

Soil inoculation 
with 6 ml. juice 
(foliage protected) . 

20 

19 

Control . 

20 

1 


seedlings in this series were inoculated by rubbing the leaves, in the presence 
of carborundum, with a small cotton swab soaked in infective root juice. 
These inoculations were carefully made so that an excess of the inoculum was 
not used. After inoculation of the plants, the pots were placed in saucers 
and irrigation throughout the experiment was by pouring water into these 
saucers. Another forty plants were similarly inoculated. One hour after in¬ 
oculation these plants were washed with a fine spray of water to remove the 
carborundum residue from the leaves. The plants were washed in a position 
that allowed the water to drip from the leaves into the soil. The plants in 
this series were irrigated by pouring water onto the soil in the pots. Twenty 
lettuce seedlings growing in fumigated soil were inoculated by adding five 
ml. of infective root juice to the soil surrounding the opening in the bottom 
of the greenhouse pots. These plants were irrigated from the bottom by 
water poured into saucers containing the pots. Prior to inoculation the 
surface of the soil in these pots was covered with a cotton pad to prevent 
foliage contact with the soil. Twenty seedlings growing in fumigated soil 
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were retained as controls. The infective root juice used in this experiment 
was extracted from the roots of 20 lettuce plants showing symptoms of big 
vein infection. A portion of this juice was used as inoculum in each of the 
tests in the experiment. The results of this experiment are in table 3. 

The results demonstrate that infection with lettuce big vein virus did not 
take place through the foliage of leaf-rubbed plants and that unless pre¬ 
cautions are taken to prevent the inoculum from dripping or washing into 
the soil, root infection may be thought to be leaf infection. Two methods 
of soil inoculation are demonstrated, from ab6ve and from below, to be 
effective in experimentally producing the disease. 

INFECTION PROM CHOPPED LETTUCE ROOTS ADDED TO THE SOIL 

In 1934 dagger and Chandler (5) reported that lettuce big vein disease 
was gradually becoming more serious and wide-spread as the result of con¬ 
tinuous cropping of the same land with lettuce. Persistence of big vein 
virus in the soil probably indicates that the virus is returned to the soil as 
the roots of infected lettuce jilants decompose in these fields. It has been 
demonstrated that the virus of lettuce big vein can enter the plant as the 
result of root contact with virus in the soil. In order to determine if big 
vein virus could be introduced into virus-free soil by the roots of infected 
lettuce plants, a series of pots containing chlorpicrin-fumigated soil were 
inoculated with thoroughly washed chopped roots of infected plants. The 
fumigated soil in each of 10 four-inch pots was inoculated with five gm. of 
infected lettuce roots. Ten pots containing fumigated soil were retained 
as controls. Ten pots containing untreated soil from the field were inoc¬ 
ulated with five gm. of infected roots and 10 pots containing the field soil 
received no root material. Ten out of 10 lettuce plants grown in fumigated 
soil inoculated with infected roots developed big vein symptoms. No big 
vein symptoms were observed in plants grown in the fumigated soil. Eight 
of 10 plants grown in field soil inoculated with infected lettuce roots devel¬ 
oped big vein symptoms. None of the 10 plants grown in noninoculated 
field soil developed symptoms. These results indicate that virus-free soil 
can be inoculated with big vein virus by the addition of* big vein infected 
lettuce roots. 


SOIL FUMIGATION 

Early in the investigation of the possible relationship of nematodes to 
the transmission of lettuce big vein virus some preliminary experiments were 
undertaken involving the fumigation of big-vein-infested soil with a nemati- 
cide. Approximately one gal. of big-vein-infested soil was exposed for 48 
hours in a sealed container to the fumes of dichloropropene-dichloropropane 
mixture.* One ml. of the fumigant was applied per gal. of infested soil. 
This amount of the fumigant is about the equivalent of 1,000 lb. per acre. 
After the 48-hour exposure period, the treated soil was transferred to eight 
* Shell DD, supplied by the Shell Oil Company. 
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four-inch greenhouse pots and allowed to aerate for six days. Untreated 
big-vein-infested soil from the same source was placed in six four-inch green¬ 
house pots. Six days after the fumigation treatment, lettuce seed was 
planted directly in the soil. In the fumigated soil one out of eight plants 
developed symptoms of big vein infection. In the untreated big-vein-in- 
fested soil, five out of six lettuce plants developed symptoms. The results 
obtained in this preliminary test indicated that the fumigant was capable 
of at least partially inactivating the causal agent of big vein of lettuce. 

Johnson (7) reported that carbon disulphide, chlorpicrin, methyl bro¬ 
mide, rotenone, and naphthalene prevented the development of the symptoms 
of »vinter wheat mosaic in susceptible wheat grown in soil treated with these 
chemicals. Calcium cyanide and ethylene dichloride gave incomplete con¬ 
trol under similar conditions, flohnson (7) suggested that the action of 
these fumigants was on a vector rather than on the virus. McKinney (10), 
McKinney, Webb, and Dungan (9), Webb (19), Ikata and Kawai (4), and 
Johnson (6, 7) have demonstrated that winter wheat mosaic occurs in nature 
only when susceptible wheat is grown in mosaic-infested soil. Jagger and 
Chandler (5), Thompson, Doolittle, and Smith (18), and Pryor (15) have 
obtained evidence that big vein of lettuce also results from root contact with 
infested soil. It has been shown in the present paper in the section dealing 
with artificial transmission that a vector is not necessary for the transmis¬ 
sion of the virus. It is therefore probable that the action of the dichloro- 
propene-dichloropropane mixture was on the virus per se. 

To obtain further information on the effect of fumigation on soil infested 
with big vein virus, additional experiments were undertaken. Dichloro- 
propene-dichloropropane mixture and 20 per cent by weight ethylene di- 
bromide mixture"^ were applied to virus-infested soil at dosage rates of 
0.23, 0.46, 0.69, 0.92, and 1.16 ml. per gal. of soil. The soil was treated in 
one-gallon jars sealed with gas-tight lids. After the proper amount of fumi¬ 
gant was applied to the soil, the jars were closed for 48 hours. The soil was 
then removed from the jars and placed in six-inch greenhouse pots. Each 
gallon jar contained enough soil to fill two six-inch pots. Since five jars 
of soil were treated at each dosage rate, this afforded 10 pots for each dosage 
applied. Twenty six-inch pots containing untreated virus-infested soil were 
included in the experiment as controls. Lettuce seedlings grown in auto¬ 
claved soil were transplanted into the treated and untreated soil six days 
after the fumigated soil was removed from the fumigation jars. The results 
obtained in this experiment are in table 4. 

The results indicate that 20 per cent ethylene dibromide mixture had no 
effect on the development of big vein symptoms in lettuce planted in fumi¬ 
gated soil. The symptoms of the disease developed just as rapidly in soil 
fumigated with this material as in untreated virus-infested soil; approxi¬ 
mately 30 days were required in both instances. Dichloropropene-dichloro- 
propane mixture had a retarding effect on the development of symptoms at 

3 Dowfume W-10, supplied by the Dow Chemical Company. 
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TABLE 4.— Number of lettvce plants developing big vein symptoms in virus-infested 
soil treated with various dosages of dichloropropene dtchloropropane mixture and £0 per 
cent by weight ethylene dibromide mixture 


Treatments 


Milliliters of 


Dichloropropene- 

Dichloropropane 


Ethylene dibromide 


gallon of soil 

Number 

No. of 

Days for 

Number 

No. of 

Days for 


of 

plants 

symptoms. 

of 

plants 

symptoms, 


plants 

infected 

average 

plants 

infected 

average 

0.23 

10 

10 

52.8 

10 

10 

31.3 

0.46 

10 

1 

73.0 

10 

10 

32.5 

0.69 

10 

0 


10 

9 

29.0 

0.92 

10 

1 

74.0 

10 

10 

29.1 

1.16 

10 

0 


10 

10 

30.6 

No treatment 

20 

19 

28.4 





the lowest dosage applied. At dosages above 0.23 ml. per gal. of soiL> only 
two plants of 40 developed big vein symptoms in soil treated with this 
material. 

In another experiment big-vein-infested soil collected in the Salinas 
Valley, California, was treated with several fumigants. The method of 
fumigation was the same as in the previous experiment with fumigants. 
The following materials were applied to the big-vein-infested soil: Two 
dichloropropene-diehloropropane mixtures, ethylene dibromide mixture con- 


TABLE 5.— Number of lettuce plants developing big vem symptoms when grown in 
virus-infested soil treated with various fumigants 


Ml. or gm. of 

Treatments fumigant per 

treatments gallon of 

soil 

Number 

of 

plants 

Number 
of plants 
infected 

Days for 
symptoms, 

^ average 

Weight of 
tops in 
grams, 
average 

Dichloropropene- 

0,23 

10 

8 

40.1 

22.5 

dichloropropane® 

0.46 

10 

0 


31.7 


0.69 

10 

0 


23.8 

Dichloropropene- 

0.23 

10 

8 

35.5 

21.9 

dichloropropaneb 

0.46 

10 

0 


35.0 


0.69 

10 

0 


24.7 

Ethylene dibromidec 

0.23 

10 

10 

29.9 

18.5 

0.46 

10 

10 

29.2 

21.6 


0.69 

10 

7 

29.1 

16.5 

Chlorpicrin^J 

0.23 

10 

0 


33.3 


0.46 

10 

0 


47.6 


0.69 

10 

0 • 


32.5 

Benzene hexachloridc® 

0.70 

10 

10 

27.2 

17.1 


1.40 

10 

9 

34.5 

22.8 


2.80 

10 

7 

30.8 

10.0 

No treatment 


13 

13 

30.6 



» Supplied by the Shell Oil Company, 
b Supplied by the Dow Chemical Company. 

«40 per cent by weight supplied by the Dow Chemical Company. 

Supplied by the Innis, Speiden, and Company. 

• Dust containing one per cent gamma isomer supplied by California Spray Chemical 
rjompany. 



1948] 


Allen: Big Vein Disease op Lettuce 


623 


taining 40 per cent of ethylene dibromide by weight, chlorpicrin, and ben¬ 
zene hexachloride dust containing one per cent of the gamma isomer. The 
dichloropropene-dichloropropane mixtures, chlorpicrin, and ethylene di¬ 
bromide mixture were applied to the big-vein-infested soil at the rate of 
0.23, 0.46, and 0.69 ml. per gal. of soil. The benzene hexachloride dust was 
applied at the rate of 0.70, 1.40, and 2.80 gm. per gal. of soil. This amount 
is approximately the equivalent of 5,10, and 20 lb. of the gamma isomer per 
acre. The results of this test are in table 5. 

The data recorded indicate that chlorpicrin was the most effective of the 
fumigants tested in inactivating* the virus of lettuce big vein in the soil. 
The results obtained with dichloropropene-dichloropropane mixtures are 
similar to those obtained in the previous experiment. Ethylene dibromide 
and benzene hexachloride did not appear to have any effect on the virus in 
the soil. Lettuce seedlings grew more vigorously and produced larger plants 
in the soil that was treated with chlorpicrin and the intermediate dosages 
of dichloropropene-dichloropropane mixtures. Plants grown in virus-in¬ 
fested soil treated with fumigants that prevented the development of big 
vein symptoms, or delayed the appearance of symptoms, were larger than 
plants grown in virus-infested soil treated with materials that did not pre¬ 
vent or delay the development of symptoms. The higher dosages, however, 
appeared to have inhibited the growth of lettuce. 

It was assumed in the previous experiments with soil fumigants that 
the action of the fumigant was on the virus. This assumption is based on 
the fact that lettuce growing in autoclaved soil becomes infected with big 
vein when root juice extracts from big-vein-infected plants are added to 
the soil in the absence of probable vectors. One attempt was made to secure 
direct evidence for this assumption. Eighty ml. of root juice were extracted 
from the roots of big-vein-infected lettuce plants. This juice was diluted 
with an equal quantity of water and centrifuged for one hour at a speed of 
3,000 revolutions per minute. After the centrifugation, the supernatant 
was filtered through a medium Handler filter. The filtered juice was added 
to greenhouse soil previously autoclaved for five hours at 17 lb. steam pres¬ 
sure. The filtered, centrifuged juice did not cause the development of big 
vein symptoms in lettuce seedlings planted in the inoculated soil. Pryor 
(15) found that water extracts of big-vein-infested soil became non-infective 
when filtered through a medium Handler filter. 

THERMAL INACTIVATION OP THE VIRUS 

This phase of the investigation was originally intended to be a part of the 
section dealing with nematode transmission tests. However, experiments 
with artificial transmission have indicated that big vein virus is free in the 
soil and it is probable that the results obtained by heating the soil at various 
temperatures apply to the thermal inactivation point of the virus. Since 
it is possible to kill all of the nematodes in big-vein-infested soil by a mod¬ 
erate amount of heating, it was the writer’s original intention to determine 
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if the temperature at which nematodes were killed coincided with the tem¬ 
peratures required to make big vein soil non-infective. Preliminary tests 
indicated that the nematodes present in the soil were killed by heating the 
soil at a temperature of 45° C. for one-half hour. A few nematodes sur¬ 
vived a temperature of 40° C. for one-half hour. 

Ten 30-gram samples of big-vein-infested soil containing nematodes 
were exposed for one-half hour at each of the following temperatures: 35, 
40, 45, 50, 55, 60, 65, 70, and 75° C. Each 30-gram sample was placed in a 
test tube with enough water to wet the soil thoroughly. The tubes contain¬ 
ing the soil were then suspended in a water bath heated to the appropriate 
temperature. After the samples of soil had been heat-treated, the soil was 
removed from the test tubes and added as inoculum to four-inch pots con¬ 
taining soil that had been fumigated with chlbrpicrin at the rate of one ml. 
per gal. of soil. Ten 30-gram samples of the same lot of soil that had 
received no heat treatment were placed as inoculum in each of ten pots 
containing fumigated soil to check on the presence of big vein virus in the 
soil used in the heat treatment tests. Lettuce seedlings grown in chlor- 
picrin-fumigated soil were transplanted into the pots containing the inocu¬ 
lated soil. The number of lettuce plants developing symptoms of the ten 
inoculated with soil heated at various temperatures was: No heat treatment, 
9; 35° C., 8; 40° C., 10; 45° C., 7; 50° C., 8; 55° C., 1; 60° C., 1. Big vein 
did not develop where the soil had been heated above 60° C. As indicated 
previously, it is extremely doubtful that nematodes could play a part in 
the transmission of the virus since they arc all killed at temperatures which 
did not inactivate the virus. 

'In addition to the heat treatment of big-vein-infested soil, 100 lettuce 
seedlings were inoculated with heat-treated juice from the roots of big vein 
plants. Prior to inoculation the juice was diluted with an equal volume of 
water. Ten-ml. portions of this mixture were exposed for one-half hour to 
temperatures ranging from 30° to 75° C. A similar quantity of thie same 
diluted juice was not exposed to heating and was used to check the infec- 
tivity of the extracted juice. Ten lettuce seedlings growing in chlorpicrin- 
fumigated soil were inoculated with the heat-treated juice, five by leaf-rub- 
bing, and five by pouring the juice on the surface of the soil in which the 
seedlings were growing. The results obtained in this experiment were very 
similar to those obtained by heating the virus-infested soil. Complete in¬ 
activation of the virus occurred at 65° C. The number of plants developing 
symptoms as the result of pouring inoculum on the soil was: No heat treat¬ 
ment, 4; 30° C., 5; 35° C., 3; 40° C., 5; 45° C., 4; 50° C., 0; 55° C., 1; 
60° C., 1. The number of plants developing big vein symptoms as the result 
of leaf-rubbing with the inoculum was: No heat treatment, 0; 30° C., 1; 35° 
C., 2; 40° C., 0; 45° C., 0; 50° C., 0; 55° C., 1; 60° C., 0. It has been dem¬ 
onstrated previously that infection does not result from leaf inoculation 
but takes place through the roots as the result of soil contamination. This 
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probably accounts for the low percentage of infection obtained in the leaf¬ 
rubbing tests in this experiment. 

INFECTIVITY OF DILUTED ROOT JUICE 

Infective root juice diluted with various amounts of distilled water was 
added to chlorpicrin-fumigated soil in which lettuce seedlings were growing. 
Two ml. of diluted juice was poured on the surface of the soil in each pot. 
Ten plants were inoculated at each dilution. The dilutions tested ranged 
from equal parts of juice and water to one part of juice to 200,000 parts of 
water. The number of plants developing big vein of the 10 inoculated at 
each dilution was: 1-1, 9; 1-100, 8; 1-1000, 6; 1-10,000, 6; 1-20,000, 7; 
1-50,000, 6 ; 1-100,000, 4; 1-200,000, 3. The dilution end point of the virus 
in root juice extracts appears to exceed one to 200,000. 

DISCUSSION 

The present investigation has shown that infection of lettuce plants with 
big vein virus can take place in the absence of a vector. The virus appears 
to be free in the soil or possibly absorbed on soil particles. Infection ap¬ 
pears to occur as the result of root contact with soil containing the virus. 
The presence of some sort of wounds is probably a prerequisite for infection, 
but deliberate wounding of the roots does not appear to be necessary. It 
is probable that infection can occur through natural wounds such as those 
caused by abrasion during root growth or the breaking of small roots as the 
result of alternate wetting and drying of the soil. Symptoms of big vein 
infection appear to develop more rapidly in plants transplanted into virus- 
infested soil than in seedling lettuce plants grown from seed in infested soil. 
This is probably an indication that the wounds produced on the roots of 
lettuce seedlings during transplanting afford a favorable point of entrance 
for the virus. 

The virus of lettuce big vein probably persists in the soil of infested 
lettuce fields as the result of the continued addition of new virus to the soil 
from the disintegrating roots of infected lettuce plants. If this is the case, 
it would explain the observation of dagger and Chandler (5) that lettuce 
big vein disease becomes more abundant and greater crop losses result when 
lettuce is grown year after year in infested fields. The virus can remain 
infective when diluted by large volumes of water. This is probably an im¬ 
portant factor in the persistence of the virus in cultivated fields. 

It has been reported (2) that it is possible to transmit big vein virus by 
artificial inoculation of the foliage of healthy lettuce plants with freshly 
extracted juice from the roots of big vein infected plants. Results obtained 
in the present investigation indicated that infection through the foliage of 
the plant did not occur when infective root juice was rubbed, in the presence 
of carborundum, on the leaves of healthy lettuce plants. It was found that 
the symptoms of big vein infection that were obtained by leaf-rubbing with 
infective root juice developed as the result of soil contamination with the 
virus contained in the inoculum used to rub the leaves. It is believed prob- 
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able that the positive results reported by Doolittle and Thompson (2) to 
have occurred from leaf-rubbing with infective root juice were due to soil 
contamination. Washing the foliage of artificially inoculated plants im¬ 
mediately after rubbing the infective juice on the leaves apparently carries 
the inoculum into the soil. 

Winter wheat mosaic and winter oat mosaic are caused by soil-borne 
viruses that are reported to be transmissible by artificial inoculation of the 
foliage. However, these viruses appear to differ from lettuce big vein 
virus in that they are present in the foliage of infected plants (6, 13) while 
in the case of lettuce big vein virus, Rawlins and Tompkins (16), Thompson, 
Doolittle, and Smith (18), and Pryor (15) have obtained negative results 
in transmission experiments involving the use of juice extracted from the 
foliage of infected plants. For this reason it is doubtful that direct com¬ 
parison of lettuce big vein virus and the viruses causing winter mosaics of 
wheat and oats can be made. But it should be pointed out that unless 
special methods are employed to prevent the possibility of soil contamina¬ 
tion with the inoculum, the results obtained by leaf inoculation may be 
misleading if the virus is one that causes symptoms as the result of root 
infection. 

The fact that treating winter-wheat-mosaic-infested soil with a fumigant 
such as chlorpicrin made the soil non-infective has been cited as evidence 
of the presence of a vector in mosaic-infested soil (7, 12), the suggestion 
having been made that the action of the fumigant was probably upon a 
vector and not on the virus per se. Experiments conducted during the 
present investigation indicate that lettuce big vein virus is inactivated when 
virus-infested soil is fumigate^d with either chlorpicrin or dichloropropene- 
dichloropropane mixture. It is therefore possible that winter wheat mosaic 
virus can also be inactivated directly by soil fumigation. If this is the case, 
it is quite possible that a vector is not necessary for the transmission of the 
viruses causing winter wheat mosaic and winter oat mosaic. 

SUMMARY 

Negative results were obtained in experiments on nematode transmission 
of big vein virus with the following species of nematodes: Aphelenchoides 
parietinus (Bastian), Aphelenchus avenae Bastian, Acrobeloides butschlii 
(de Man), Chiloplacus sp., Criconemoides mutabile Taylor, Dorylaimus 
monohystera Biitschli, Dorylaimus obscums Thorne, Dorylaimus simplex 
Thorne, Panagrolaimus subelongatus (Cobb), Paratylenchus macrophallus 
(de Man), Bhabditis monohystera Biitschli, and Tylenchus filiformis 
Biitschli. 

Transmission of the virus through the foliage of lettuce plants did not 
take place when the leaves of healthy lettuce seedlings were rubbed, in the 
presence of carborundum, with freshly extracted root juice of infected 
lettuce when precautions were taken to prevent soil contamination with the 
inoculum. Evidence was obtained indicating that infection of lettuce with 
big vein virus occurs only through the roots. Cases of infection that ap- 
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peared to indicate transmission by leaf-rubbing were demonstrated to be 
the result of soil contamination with the infective juice used as inoculum. Big 
vein symptoms developed in lettuce grown in virus-free soil inoculated with 
juice extracted from the roots of big vein plants and in virus-free soil 
inoculated with chopped roots of infected plants. Lettuce plants appeared 
to have developed big vein symptoms as the result of root contact with soil 
containing the virus and in the absence of any probable vector or deliberate 
wouvding of the roots. 

The virus in the soil or in root juice extracts is inactivated when exposed 
for one-half hour to a temperatuBC between 60° and 65° C. The virus is also 
inactivated by fumigation of infested soil with chlorpicrin at 0.23 ml. or 
dichloropropene-dichloropropane mixture at the rate of 0.46 ml. per gal. 
of soil. Ethylene dibromide mixture and benzene hexachloride did not 
inactivate the virus. The virus retains its infectivity when freshly extracted 
root juice is diluted at least one to 200,000 with water. 

Univp:rsity op California, 

Berkeley, California. 
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HETBRO- AND HOMO-THALLIC TYPES OP 
DIAPORTHE ON SOYBEANS^ 

A. W. Welch and Joseph C. Gilman 
(Accepted for publication March 11, 1948) 

The discovery by Welch (9) that two distinct types of perithecial de¬ 
velopment of Diaporthe occurred on overwintered stems of soybeans raised 
the question of their identity, since up to this time the only Diaporthe 
species known on this host was Diaporthe phaseolorum var. sojae described 
by Lehman (5). One type (Fig. 1) had perithecia borne singly in an effuse 
stroma while the other (Fig. 2) had perithecia clustered in a caespitose 
head. Further, the single perithecial type was heterothallic, the caespitose 
type, homothallic. The heterothallic type was a weak parasite occurring 
on maturing plants while the homothallic type was a wound parasite 
causing cankers and girdling on actively growing hosts. Proof of hetero- 
thallism in this genus and the identification of the types are the subject 
of this paper. 

In 1923 Lehman (5) described a species of Diaporthe as the cause of 
the pod and the stem blight of soybean, naming it Diaporthe sojae. He 
reported perithecia only from cultures, but later Wolf and Lehman (10) 
reported them from overwintered stems. At that time speciation in this 
genus was based largely on host relationships. In 1933 Wehmeyer (8) in his 
monograph of the genus, changed the emphasis to morphological considera¬ 
tions and reduced Lehman’s species to varietal rank under D. phaseolorum 
(Cke) Ell., thus bringing the soybean fungus into clos^ association with 
the Diaporthe described by Harter (2) on Lima beans. Wehmeyer separ¬ 
ated this species from D. arctii (Lasch) Nit. on the basis of larger spores, 
larger perithecia, and shorter ostiolar necks in the latter species. He 
placed certain forms from Europe on Medicago and Melilotus in D, arctii 
chiefly on the length of their ostiolar necks. In 1935, Tucker (7) reported 
Diaporthe phaseolorum as the cause of fruit rot of pepper. His cultures were 
proved homothallic by means of single ascospore isolations. Both alpha 
and beta spores were present in the cycle. He considered his fungus to 
be close to the variety of the species recognized by Wehmeyer as var. 
batatatis. More recently Luttrell (6) has reported on the host range of D, 
phaseolorum var. sojae and D. phaseolorum and showed distinct differences 
in their pathogenicity toward certain hosts. The variety proved to be 
a weak parasite and attacked a wide range of plants that had reached a 
moribund condition. D. phaseolorum was greatly restricted. Although 
Luttrell found both perithecial and nonperithecial strains within the 
cultures he examined, he did not work with single ascospore isolates. 

1 Journal Paper No. J—1460 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 883. Cooperative investigations between the Division of Forage Crops 
cmd Diseases, Bureau of Plant Industry, Soils and Agricultural Engineering, United 
states Department of Agriculture, and the Botany and Plant Pathology Section of the 
Iowa Agricultural Experiment Station. 


628 



1948] Welch and Gilman: Diaporthe on Soybean 629 

MATERIALS AND METHODS 

During March, April, and May of 1946 the single and caespitose peri- 
thecial types were found repeatedly on overwintered soybean stems collected 
from the field. Isolations were made from each type by transferring ex- 
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truded ascospores from perithecial beaks to potato-dextrose agar plates. 
Cultures and sub-cultures obtained from the single perithecial type produced 
pycnidia when grown on various agar media and steamed soybean stems 










Fig. 3. Cultural characteristics of Diaporthe phaseolorum var. sojae and D. phases 
olorum var. hatatatis on steamed soybean stems, a. Perithecial beaks of 2>. phaseolorum 
var. hatatatis.' b. Pycnidia and conidial exudate of D. phaseolorum var. sojae. c. Bing 
of perithecia at the union of single ascospore cultures 2 and 12 after 35 days. 
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in the laboratory (Pig. 3, b). Cultures and sub-cultures of the caespitose 
perithecial type, on the other hand, produced only perithecia when grown 
under identical conditions (Pig. 3, a). This difference in behavior, 
observed between the isolates obtained from the two types, indicated that 
a study of single ascospore cultures of each might prove mycologically 
profitable. 

Single ascospore isolates were obtained by making dilute suspensions 
of ascospores scraped from the tips of mature perithecia (Pig. 1, b). This 
ascospore suspension was then poured over 2 per cent plain agar plates. 
The excess water on the surface of the plate was decanted, leaving only a film 
over the surface holding the spores. Each plate was incubated at labora¬ 
tory temperatures for 6 to 10 hours to permit the ascospores to initiate 
germ tubes. The plates were then placed beneath the microscope where the 
germinating ascospores were easily observed with the 10 x objective. 

The single ascospore isolates were made by using a modification of 
the method described by Lambert (4). A wire loop was made by bending a 
piece of fine platinum wire around the tip end of a sewing needle, small 
enough to make the loop fit within the field of the 10 x objective when 
suspended beneath the objective. The wire loop was suspended in such a 
manner that it would hang immediately above the surface of the agar plate 
when the 10 x objective was in focus with an ascospore resting on the surface 
of the agar. When the ‘‘cookie cutter’^ was properly attached and adjusted, 
single ascospore isolates were made quickly and easily. The procedure 
consisted merely of locating a single, germinating ascospore on the surface 
of the poured plate and lowering the objective until the wire loop circum¬ 
scribed a cut around the spore to be isolated.- The plate was then trans¬ 
ferred to a 30 X binocular and the small agar disc lifted out with a dissect¬ 
ing needle. The ascospore was not visible under the binocular but the 
circular cut made by the wire cookie cutter was clear. 

Eighteen single ascospores from 42 trials with the caespitose perithecial 
type and 12 from 31 trials with the single perithecial type were obtained 
in pure culture. These were used in all subsequent studies involving 
single ascospore cultures. 

CULTURE DEVELOPMENT OE SINGLE ASCOSPORE ISOLATES OP THE SINGLE 
AND CAESPITOSE PERITHECIAL TYPES 

Successive sub-cultures of the 12 single ascospore isolates of the single 
perithecial type grown on potato-dextrose agar plates consistently produced 
nothing but pycnidia. The number of pycnidia produced by the different 
isolates was variable. In general, mature alpha spores were produced within 
2 weeks after the plates were inoculated but spore production continued until 
the plates became too dry to sustain further growth. 

When the 12 single ascospore isolates of the single perithecial type 
were cultured on steamed soybean stems, pycnidia were again produced 
by each isolate. The stems were cut into 4-inch sections and placed in test 
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tubes. The bottom of each test tube contained moist filter paper to prevent 
rapid drying. This permitted growing the cultures indefinitely if sterile 
water was added periodically. Such cultures were carried for as long as 70 
days but produced only pycnidia. In general, the mature alpha spores 
were found within 10-14 days after the stems were inoculated and they 
were produced during the entire period the cultures were grown. Beta 
spores were produced on sterile stems but they were never observed on agar 
media. 

The 18 single ascospore cultures of the caespitose perithecial type were 
grown in the same manner and on the same media as were the 12 single 
ascospore cultures of the single perithecial type. Each of the 18 cultures 
produced perithecia on agar media as well as on steamed stems. From 5 
to 42 perithecia have been observ'ed arising from a single stroma on agar 
media. When grown on sterile stems 1 to 7 perithecia, generally 2 to 4 
occurred in caespitose groups. Pycnidia have never been obtained in either 
mass or single ascospore cultures originating from the caespitose perithecial 
type. The fact that it is homothallic is unquestionable. Its failure to 
produce pycnidia, however, is somewhat confusing. 

production of perithecia by paired single ascospore 

CULTURES OF THE SINGLE PERITHECIAL TYPES 

When repeated attempts to produce perithecia from single ascospore 
cultures of the single perithecial type failed, it was assumed that the organ¬ 
ism might be heterothallic. To test this assumption the 12 single ascospore 
cultures were paired in all i)ossible combinations. Pairings were accom¬ 
plished by inoculating tubed, steamed soybean stems with agar-grown in¬ 
oculum of the two cultures that were to be paired. Two small pieces of 
agar, one of each of the two cultures being x)aired, were placed side by side 
on the steamed stems. Since 12 single ascospore cultures were paired in all 
possible combinations, a total of 144 pairings resulted. After all pairings 
were completed the cultures were incubated at laboratory temperatures and 
periodically checked for pycnidial and perithecial development. Two sets 
of pairings were made and the results obtained were tabulated (Table 1). 

The inoculated stems became covered with a white mycelial growth 3-5 
days following inoculation. Within 10-14 days pycnidia were generally 
produced'over the entire surface of the stem. Mature pycnidia always 
produced the alpha type conidia. The beta type was usually produced 
simultaneously within the same pycnidial locule with the alpha type. 
Production of the beta type, however, was irregular and attempts to 
associate its production with specific cultures or with a specific growth 
phase failed. 

In the first experiment in which all 12 cultures were paired, the first 
perithecial beaks were observed after 35 days. The beaks were produced 
singly and were long and black as shown in figure 3, c. The beaks some¬ 
times grew from the base of an old pycnidium or they developed inde¬ 
pendently and were not associated with pycnidial structures. In general, 
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they tended to be produced in a collar around the stem between the two 
pieces of inoculum (Fig. 3, c). When produced at the base of a pycnidium, 
the peritheeial cavity was imbedded in the base of the old pycnidial stroma, 
developing somewhat beneath and intermixed with the old, empty pycnidial 
cavities. When perithecia developed in the absence of pycnidial stromata, 
the beaks penetrated the black, dorsal, epidermal stroma and the peritheeial 
cavities were imbedded in the cortical tissues of the stem, extending down to 
the vascular tissues. The occurrence of pycnidia and perithecia within 
the same lesion has never been observed except, as described above, where 
perithecia developed as a result of pairings. 

The inoculated tubes were carried for 75 days before final readings 
were made and the tubes were discarded. The final reading showed that 33 

TABLE 1 .—Peritheeial production^ hy 1^ single ascospore cultures of the single 
peritheeial type when paired in all possible combinations in two separate experiments 


Cul. 

No. 


2 3 4 5 6 


7 


8 9 10 11 12 



+* 


+* 




+* 

+* 


+* 


+* 

+* 


+* 


+* 

* 

« 

+* 

« 

+* 


* - Perithecia absent. 

4- Perithecia present in first experiment. 

* Perithecia present in second experiment. 

0 Failures of expected pairings inr both experiments. 


of the 144 pairings had produced perithecia. The occurrence of these 
successful pairings are shown in table 1 as +. 

Examination of this table shows that if cultures 1, 4 and 12 are accepted 
as opposites of cultures 2, 3, 5, 6, 7, 8, 9, 10, and 11, the expected successful 
combinations occurred in all cases except when 1 was paired with 3 and when 
4 was paired with 2, 6, 8, and 9. Culture 3, however, did successfully pair 
with 4 and 12, and cultures 2, 6, 8, and 9 had paired with 1 and 12 in at 
least one trial. 

Since this left 5 pairings which should have produced perithecia the 
experiment was repeated. In the repetition greater care was taken in 
setting up the tubes to prevent the inoculated stems from becoming dry. 
The experiment was carried for 75 days at laboratory temperatures. Pinal 
readings were made by examining each inoculated stem under a binocular. 
Whenever peritheeial beaks were observed the observations were confirmed 
by mounting slides of ascospores under the microscope. The results ob¬ 
tained in this second attempt are shown as • in table 1. In the second 
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experiment a total of 50 pairings produced perithecia. The reasons why the 
other 4 pairings (6x4, 7x4, 9x4, and 12x6) were not successful are 
unknown. They were successful when made in the contrary direction. 
The successful combinations did, however, confirm the assumptions made 
from the data in the first experiment. Cultures 1, 4, and 12 reacted alike 
and 2, 3, 5, 6, 7, 8, 9, 10, and 11 reacted alike. The fact that perithecia 
were produced when any one culture of the 1, 4, and 12 group was combined 
with any one culture of the 2, 3, 5, 6, 7, 8, 9, 10, and 11 group was the basis 
for stat mg that the single perithe^ial type was heterothallic. Paired cultures 
on stem-meal agar produced only pyciiidia. 

identification of the types 

As stated in the review of literature, the earlier treatments of the 
members of the genus Diaporthe were based largely on host relations; and 
it was not until the monograph of Wehmeyer (8) that morphological grounds 
replaced those of pathogenicity. At that time Wehmeyer combined those 
species with elongated ostiolar necks under the name Diaporthe phaseolorum 
and based the species on the form described by Harter (2) from Lima bean. 
With this form he set up the form causing pod and stem blight of soybean 
as var. sojae and that from sweet potato as var. hatatatis. The first of 
these was described by Lehman (5), the second by Harter and Field (3). 
The latter variety was separated from the former by the fact that it had 
a valsoid stroma and smaller ascospores. 

The heterothallic or single perithecial type of the Iowa material closely 
resembles the descriptions given by Lehman both in its gross appearance 
in the field and in culture and in the perithecium, ascus, and ascospore meas¬ 
urements. In both natural and cultural material the perithecia were borne 
singly on an elf use stroma, had long cylindrical beaks measuring from 347 to 
521 in length in nature but often exceeding 2 mm. when grown in culture. 
The perithecia measured 156-260 x 192-335 fi. They were erumpent through 
a blackened zone on the surface of the stem with a black line often seen extend¬ 
ing from the margin of the stroma into wood and running along the edge 
of the pith cavity. The asci were sessile, elongate, 8-spored, and measured 
37.0-52.0x7.4-12.9/11, (Fig. 1, d). The ascospores were bicellular, slightly 
constricted at the septum and measured 10.4-18.5 x 3,7-5.5/m (Fig. 1, e). 
Although the ascospore measurements were noticeably larger than the 
corresponding dimensions given by Lehman, this difference is not believed 
to be significant; and the authors are inclined to follow Wehmeyer and 
consider the heterothallic form as Diaporthe phaseolorum var. sojae. The 
presence of heterothallism would explain the variations among strains of 
“perithecial and conidiaF’ forms reported by other workers. Heterothall¬ 
ism hitherto has not been reported for the genus.* 

2 Cayley (1) suggested that heterothallism was present in Diaporthe pernioioea Mar- 
chal but her statement concerned the irregular occurrence of the conidial phases and was 
not connected directly with the appearance of the perithecial stage and so was not used 
in the present accepted sense of this word. Wehmeyer (8) also pointed out that Cayley 
was not dealing with our present concept. 
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The identity of the homothallic caespitose form is somewhat more difficult 
to establish. It was distinct from D. phaseolorum var. sojae in that it' 
actively attacked the stems of the soybean; large light to dark brown lesions 
circumscribed the stems and the plants wilted and died. Pycnidia have 
never been found associated with these lesions nor have they appeared in any 
of the cultures. Single ascospore isolates repeatedly produced perithecia in 
culture. Perithecia occurred naturally also on overwintered stems in 
caespitose groups of 1 to 7 per stroma, predominantly in groups of 2 to 4. 
These perithecia measured 178-325 x 275-390 /a, being more globose (not 
flattened) than D. phaseolorum. Fn culture the stromata were limited 
(Fig. 2, b) to circular areas on the surface of the plate. On stem cultures 
the black line did not extend into the stelar region but was confined to the 
surface through which the beaks of the perithecia emerged. The beaks were 
280 to 546 fi in length and slightly more tapering than the beaks of D, 
phaseolorum (Pig. 1 and 2). The asci were elongate, sessrle, with thin 
evanescent walls and measured 27.2-40.8 x 6.8-8.5 fx. The ascospores were 
bicellular and measured 8.5-10.2 x 3.4—5.1/x (Pig. 2, c). The caespitose 
habit, the globose perithecia, the tapering beaks, the smaller ascospores and 
the homothallism make it impossible to consider the caespitose type the 
same organism as desctribed by Harter on Lima bean or by Lehman on 
soybean. It resembles most closely the strain of D. phaseolorum described 
by Tucker (7) except that it does not produce conidial spores, neither alpha 
lior beta, such as he figures in his strain on pey)per. In this latter respect, 
it is close to the strains of D. arctii reported from Europe on Melilotus and 
Medicago (8, p. 7). However, if we accept Wehmeyer^s separation on the 
length of ostiolar beaks, the caespitose organism' could not be that species. 
The authors, therefore, consider it to be a perithecial strain of Diaporthe 
phaseolorum var. hatatatis, differing from the strains previously described 
by its lack of a conidial phase, and also in its pathogenicity. 

Preliminary infection studies with isolates obtained from both perithecial 
types have shown that either can infect the soybean stem. Cultures of 
the caespitose type inoculated into plants growing in the greenhouse have 
produced the typical symptoms observed in natural infections in the 
field; lesions circumscribing the stem and causing the plants to wilt and 
die prematurely. Cultures of the single perithecial type produced infec¬ 
tions only on maturing stems. Isolates of the caespitose type are, therefore, 
considered to be much more pathogenic than isolates of the single perithecial 
type. 

summary 

In the course of investigations of soybean diseases, two members of the 
genus Diaporthe were found which were different relative to pathogenicity 
and type of perithecial development. One was heterothallic with scattered 
single perithecia and the other was homothallic with caespitose clusters 
pf perithecia. The former produced typical Phomopsis conidia of the alpha 
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and beta types; the latter lacked conidial sta^^^es. The heterothallic form 
was recognized as Diaporthe phaseolorum var. sojae; the homothallic as 
Diaporthe phaseolorum var. hatatatis. The latter variety actively attacked 
soybean stems, girdling them and causing the plants to wilt and die. The 
former variety was less pathogenic, attacking mainly mature plants and 
producing linear rows of pycnidia on branches and stems. 

U S. Department of Agriculture 

AND 

lowi^ Agricultural hlxPERijytpNT Station. 


literature cited 

1. (Cayley, 1). M. The phenomenon of mutual aversion between mono-spore mycelia of 

the same fungus (Diaporthe perniciosa Marchal) with a discussion of sex-hetero- 
thallism in fungi. Jour. Genetics 13: 351-370. 1923. 

2. Hakter, L. L. Podblight of the lima bean caused by Diaporthe phaseolorum. Jour. 

Agr. Res. fU.S.J 11; 47.3-504. 1917. 

3. - , and Ethel C. Field. Diaporthe, the ascogenous form of sweet potato 

dry rot. Phytopath. 2: 121-124. 1912. 

4. Lambert, E. B. A spore isolator combining some of the advantages of the La Rue 

and Keitt methods. Phytopath. 29: 212-214. 1939. 

5. Lehman, 8. G. Pod and stem blight of soyb€‘ans. Ann. Mo. Bot. Gard. 10: 119- 

169. 1923. 

6. lATTTRELL, E. S. Diaporthe phaseolorum var. sojae on crop plants. Phytopath. 37; 

445-465. 1947. 

7. Tiu’KER, 0. M. Diaporthe phaseolortim on pepper fruits. Mycologia 27; 580-585, 

1935. 

8. Wehmeyer, L. E. The genus Diaporthe Nitschke and its segregates. Univ. of 

Mich. Press. Ann Arbor, Mich. 349 pp. 1933. 

9. Welch, A. W. Natural and cultural occurrence of the ascogenous stage of Diaporthe 

phaseolorum var. sojae. (Abstr.) Phytopath. 37; 23. 1947. 

10. Wolf, F. A. and S. G. Lehman. Diseases of soybeans which occur both in North 
Carolina and the Orient. Jour. Agr. Res. 1XJ.8.] 33; 391-396. 1926. 



2,4-D INJURY TO COTTON PROM AIRP^'ME DUSTING OF RICE‘ 

A. A. Dunlap 
(Accepted for publication March 18, 1948) 

During the summer of 1947, considerable damage occurred to cotton in 
the Gulf Coast area of Texas where nearby rice fields had been dusted 
with 2,4-D* by airplane. Injury to cotton from this source was reported 
from several coastal counties between Corpus Christi and Beaumont. The 
greatest damage probably occurred in the Bay City area. A committee of 
rice and cotton growers found varying degrees of injury on about 10,000 
acres of cotton in Matagorda and Wharton counties and they estimated a 
total loss amounting to 2000 acres. Based on an average yield of one-half 
bale per acre, losses in both lint and CQtton seed estimated at around 
$200,000 for these two counties alone. 

A warning of the danger to cotton from minute quantities of 2,4-D was 
sounded by Staten (7, 8) as early as June, 1945. Later, Johnson (5) re¬ 
ported the extreme sensitivity of certain plants to the vapors of 2,4-D that 
were given off by uncleaned spray equipment. In California, damage to 
grapevines from 2,4-D was noted by Harvey and Robbins (4) as possibly 
due to drifting of herbicidal spray. In regard to cotton injury from rice 
dusting, Brown (2) observed damage in Louisiana, in 1947, and prelimi¬ 
nary note has been made (3) of the observations herein reported from 
Texas. The carrying-over of 2,4-D damage into the seed was noted by 
Pridham (6) in the case of red kidney bean plants which were sprayed 
with 2,4-D while the pods were ripening. He found that the seedling off¬ 
spring showed typical 2,4-D symptoms. 

In the areas where these observations were made, rice fields were dusted 
with 2,4-D during the latter part of May and the first week in June. The 
cotton had been planted on various dates during Marcfi and April. The 
first injury was noted on the cotton about the tenth of June, at which time 
the rice growers in most areas discontinued dusting. Regular visits were 
made throughout the growing season to certain selected fields in order to 
obtain information as to persistence of the effects of the chemical on the 
plant and seed. Owing to the variation between fields in regard to such 
factors as age of plants, fertility, rainfall, and care of the crop, no attempt 
was made to obtain yield data from damaged fields for comparison with 
fields that were not affected by the 2,4-D dust. 

In some cases, cotton fields showing 2,4-D injury were found at esti¬ 
mated distances of from 15 to 20 miles from the nearest rice fields. How¬ 
ever, airplanes with leaky dust-containers may have passed much closer 

1 Approved for publication by the Director of the Texas Agricultural Experiment 
Station as Technical Article No. 1096. 

Acknowledgment is made to Dr. E. C. Tullis who furnished supplementary informa¬ 
tion pertinent to these observations. 

• ^ In this area, the dust mixtures contained about 10 per cent of various salts or esters 

of 2,4-dichlorophenoxyacetic acid. 
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than this to some of these fields during or following the dusting of thAiJsice. 
The fact that cotton fields of 20 acres or more usually showed fairly]^- 
form damage over the entire field would indicate that thejdust had drifted 
for a considerable distance. According to a table by Brooks (1), water 
droplets about 5 ft in diameter can drift over three miles in falhiajj ten feet 
when the velocity of the wind is 3 miles per hour. The particle size of the 
dust used on the rice in this area varied from 4 to 16 /a and the airplanes 
probably attained heights of from 100 to 200 feet while turning. With 
wind velocities possibly as high as 10 miles per hour, some of the dust could 
have drifted, therefore, even farther than the distances mentioned. Since 
the commercial applications by the airplanes consisted of about 10 lb. of a 



Fig. 1. A. Cotton plants with distorted foliage in a relatively dry field two months 
after 2,4-D symptoms were first evident. Plants that had set some bolls prior to 2,4-D 
contact often showed poor recovery even in fields with favorable soil moisture. B. Ab¬ 
normal cotton squares (flower buds) caused by 2,4-D; normal square at left. 

10 per cent dust per acre, the actual 2,4-D dosage on the cotton must have 
been extremely light in most instances, especially where the cotton was a 
mile or more from the rice. It is also of interest that one of the weeds 
{Caperonia palustris), for control of which the rice fields were dusted, was 
often found apparently unharmed among badly injured cotton plants. 
Occasionally, fields with no 2,4-D symptoms were found in the same vicin¬ 
ity with damaged fields. Protection was apparently provided in some 
instances by rows of trees on the windward side of the field. 

Apparently the cotton plant is extremely sensitive to slight traces of 
2,4-D. In spite of such high susceptibility, the plants showed remarkable 
recovery from severe 2,4-D symptoms. Most of the cotton in this area 
consisted of Stoneville and Deltapine strains; the latter variety sometimes 
appeared to be affected less severely than the former by this chemical. 
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Symptoms of 2,4-D damage, as found in these fields, are shown in fig¬ 
ures 1 and 2. The injury consisted entirely in abnormal growth of the 
foliage, stems, and fruiting structures. No cotton plants were found that 
were known to be killed by the 2,4-D. The distorted leaves with scalloped 
margins, narrow lamina, and long tentacle-like teeth persisted on the plants 
for several weeks, until the middle of August or later. The cotton stems 
in badly damaged fields were often swollen and the cortex broken open 
(Fig. 4, A). Frequently spherical, gall-like stem swellings occurred near 
the ground. Flower buds or squares (Fig. 1, B) and bolls were also ex¬ 



ceedingly malformed. Usually these abnormal fruiting structures were 
eventually shed from the plant but in some cases elongated or one-sided 
bolls were produced which frequently had only one or two locules instead 
of the normal four or five ‘ Mocks. Although small squares sometimes 
dried up on recently affected plants, there was no tendency towards exces¬ 
sive shedding of the large squares and young bolls in the fields under ob¬ 
servation. 

The extent of the original injury seemed to depend to a large degree 
on the 2,4-D dosage and possibly also on the rate of growth of the plant 
The mildest symptoms consisted of a few slightly distorted leaves near the 
top of the plant. In case of severe injury, all of the new growth was ab- 
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normal (Fig. 1). Crop losses varied from no apparent loss in slightly af¬ 
fected fields to complete loss in others. Recovery seemed to depend on 
maturity of the plants, soil moisture, and soil fertility conditions. In 
fields that received favorable rainfall during the summer, the 2,4-D in¬ 
jured plants made good recovery in most cases. New growth occurred 
often through the development of lateral branches (Pig. 3) and the origi¬ 
nal central stalk usually ceased to grow. In some fields, the main stems 
increased in height and nearly normal bolls were formed among the dis- 



Fig. 3. Cotton plant showing recovery from serious early damage from 2,4-D (dead 
portion of main stem against white background). Normal bolls were formed on strong 
lateral branches that developed later. 


torted leaves which continued to appear for a month or two after the first 
injury. In most cases, however, especially in plants that were relatively 
young (prior to first bloom) at time of dusting, strong lateral branches 
were developed from the lower nodes on the stem and these vegetative 
branches produced apparently normal leaves, squares, and bolls. 

Seed collected from plants that had recovered from initial injury ger¬ 
minated only 40 to 60 per cent. Also, emergence from non-sterile soil 
was slower with these seed than with seed from normal plants harvested at 
the same time. In the case of seed from bolls that developed among in¬ 
jured foliage, the tips of the hypocotyls after emergence from the seed 
coat showed swellings close to the root tip, as shown in figure 4, B. It 
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seemed remarkable that about 50 per cent of the seedlings from these 
seed, which were picked in September from bolls that were formed several 
weeks after the original damage occurred, should show this 2,4-D symptom. 
Another lot of these seed that was germinated four months later (Jan¬ 
uary, 1948) still showed the same abnormal root development upon sprout¬ 
ing. The cotyledons were not observed to be noticeably distorted by the 
2,4-D. The first (and sometimes the second) true leaf was often deformed 
or filiform in shape and the seedlings were slower than the normal ones in 



Fig. 4. A. Swelling of cotton stem and cracking of bark duo to 2,4-D injury. B. 
Cotton seedlings with swollen root tips from seed produced by 2,4-D-affected plants. 
Such seedlings were delayed in emergence and early growth was abnormal. Two normal 
seedlings are shown on the left. 

their early growth. Seedlings from plants experimentally sprayed with 
2,4-D required a month or more for emergence, apparently because of inhi¬ 
bition of root development. They outgrew the injury eventually, however, 
and made normal growth after producing a few distorted leaves. 

Continued care and cultivation of cotton fields in the usual manner 
would seem to be the best procedure to follow in case of 2,4-D damage. 
This would be particularly advisable in cases of slight damage or where 
the plants had not reached the flowering stage at time of 2,4-D contact. 
Retarding of growth was one of the most serious consequences of the 2,4-D 
injury, especially in the case of relatively mature plants that had a crop 
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of bolls set when the injury occurred. Continued dry weather further 
retarded the growth of cotton in some fields. Boll weevils and boll worms 
become more numerous in most cotton growing areas as the season ad¬ 
vances. For this reason, the delayed fruiting of cotton plants that have 
been damaged by 2,4-D may produce a light crop due to increased insect 
damage to the new squares and bolls. Therefore, more-than-usual atten¬ 
tion to insect control is necessary. Owing to the danger of poor germina¬ 
tion and seedling injury, seed from cotton plants that have been affected 
with 2,4-D should not be saved for planting purposes. 

Prevention of damage to susceptible plants or crops growing in nearby 
firlds would necessitate application of 2,4-D weed killers by spraying at 
low pressures (less than 100 lb. per sq. in.) with nozzles that do not pro¬ 
duce a mist. It would also appear best to make the application when the 
wind velocity is not greater than 3 to 5 miles per hour. Application of 
2,4-D by airplane should be made at as low an altitude as possible and 
care should be taken to avoid high-altitude turning or traveling over sus¬ 
ceptible crops in passing to and from the loading point. All airplane 
spraying equipment should be provided with positive shut-off devices near 
the nozzle to prevent dripping or leakage. Relatively non-volatile forms 
of 2,4-D, such as the sodium or triethanolamine salts, should be used when¬ 
ever possible. Until more is known concerning the dangers and limita¬ 
tions in the use of 2,4-D for killing weeds, extreme carefulness and caution 
should be maintained at all times. Further costly error in the premature 
and improper use of the chemical may result in unfortunate delay in the 
development of these highly-useful hormone-type weed killers. 

SUMMARY 

1. Symptoms of 2,4-D injury on cotton, extent of damage and recov¬ 
ery, and effects on cotton seed were observed in Texas Gulf Coast fields 
in 1947, following dusting of rice fields by airplane. 

2. Partial recovery of cotton plants from 2,4-D injury, as shown by 
the production of normal foliage and fruiting structures, occurred in most 
fields where favorable conditions for growth prevailed during the remain¬ 
der of the season. 

3. In some cases, seed from plants affected by 2,4-D showed poor ger¬ 
mination and produced seedlings with swollen root tips (hypocotyls) to¬ 
gether with other abnormalities. 

4. Possible steps are suggested for the prevention of 2,4-D damage to 
susceptible crops in nearby fields. 

Department of Plant Physiology and Pathology, 

Agricultural and Mechanical College of Texas, 

College Station, Texas. 
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THE EFFECTS OF MEALYBUGS FEEDING ON PINEAPPLE 
PLANTS GROWN IN FINELY ATOMIZED 
NUTRIENT SOLUTIONS^ 

Walter Carter 
(Accepted for publication March 30, 1948) 

This project was initiated in order to determine the sequence of symp¬ 
toms of mealybug wilt. It was known that when plants showed wilt symp¬ 
toms in the field, the roots w^ere collapsed, but whetlier this root collajjse 
was primary could not be determined under field conditions with any de¬ 
gree of certainty. A test to study the symptom sequence on pineapple 
plants grown in both sand and water culture met with similar difficulty. 
It was not until the method of growing the plants in finely atomized nu¬ 
trient solutions (2) was devised that it became possible to follow with a 
considerable degree of accurate measurement, the whole symptom sequence 
following the infestation of plants with mealybugs. 

PROCEDURE 

Plants were grown in what has been described as a water-vapor box. 
This is a simi)le wooden cabinet with holes drilled in the top into which 
planting material pieces are fit. Nutrition is provided by means of a finely 
atomized spray of nutrient solution which circulates continually around 
the base of the plant. Growth, both of roots and aerial portions of the 
plant, is very rapid under these conditions, and both roots and leaves can 
be examined with ease at any time (Pig. 1). 

After two pilot runs to establish the technique, the first detailed experi¬ 
ment was set out. Slips from a section of a field free of mealybugs were 
cured and set in three cabinets holding eighteen plants each. Planting 
pieces were w^eighed prior to setting and were distributed in such a manner 
that each box had a uniform slip weight distribution. Three weeks after 
setting, measurements of five roots of each plant were made, and these 
were continued each week until the end of the experiment. Six weeks 
after the plants were set in the cabinets, they were infested by the fruit 
skin method (4), two of the cabinets being used for infested plants and 
one as an uninfested check. It should be recalled that this method of in¬ 
festation usually involves large numbers of mealybugs in all stages. All 
the infestations were sprayed out after ten days. 

EXPERIMENTAL RESULTS 

The Sequence of Symptoms 

The sequence of symptoms, of primary interest in the first experiment, 
is shown in table 1. Root symptoms were rather clearly defined, first by 

1 Published with the approval of the Director as Technical Paper No. 175 of 
the Pineapple Research Institute, University of Hawaii. 
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Fig. 1. A general view of the water vapor cabinet. Two doors were lemoved to 
show the root growth. 

cessation of elongation and second by a soft collapse of the entire root; the 
second phase follows closely on the first. Some plants develop leaf synip- 

TABLE 1. —Sequent of symptoms from first mdicatton of cessation of root elonga¬ 
tion to appearance of leaf symptoms following infestation with meali/hugs 


No. of days after mealybug infestation 


lant No. 

Root elongation 
affected 

First dead roots 

First leaf 
symptoms 

3 

42 

49 

63 

3 

42 

49 

63 

2A1 

42 

52 

66 

4 

42 

49 

54 

2 

42 

58 

63 

5 

49 

58 

63 

3 

49 

58 

63 

6 

49 

49 

54 

3 

49 

58 

63 

4 

49 

58 

63 

6 

49 

49 

63 

2C2 

49 

58 

63 

3 

49 

49 

63 

5 

56 

61 

73 

ICl 

56 

58 

63 

2 

56 

58 

70 

2C6 

56 

76 

76 

IBl 

62 

76 

70« 

2B1 

62 

76 

76 

2 

69 

76 

76 

lAl 

72 

79 

82 


1 median leaf only affected. 
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toms without the loss of all the roots. The development of new roots is 
variable, sometimes occurring during the period when the old roots are 
collapsing, sometimes only after a considerable delay. Leaf symptoms are 
typical but a very rapid recovery usually occurs which prevents the de¬ 
velopment of extreme third and fourth stages as encountered in the field 
(Pigs. 2 and 3). 



J’jg- 2. (Left) Wilted plant with center recovering. Note mass of collapsed roots 
With short new white roots emerging. 

Fio. 3. (Right) Normal uninfested plant. 


Table 2 gives some details of root elongation measurements. It should 
be borne in mind in connection with this table that if a measured root 
ceased elongating and collapsed, a live root was substituted so that as long 
as there were live roots on the plant, elongation measurements were con¬ 
tinued. The collapse of a root system is progressive. All the roots do not 
die simultaneously, although once collapse has started, it proceeds rapidly. 
New roots emerging after the original root mass has died, or during the 
period of its collapse, soon attain the elongation rate of roots on normal 
plants. 



I^r£lOmAT/OM/A/ ems. ROOr£iOM3AWA/W ain. fiOOr ElOAKrAT/OA//A/cm 
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^ ^ ^ 7 3 9 /O // /Z /3 /3 /3 

tV^£KS BlAPS/A/6^ AFTBR £^^FFR/MSA/r^TA/^TBD 

Fig. 4. Plant IBl showing typical root collapse with development of new roots. 

1. Long roots dead, median leaves reddening on one side. 

2. Long roots dead, several white tipped new roots, median leaves reddish. 

3. Median leaves wilted, center growing. 

Fio. 5. Plant 1A4 showing a case of delayed root collapse. 

1. Leaves and roots normal. 

2. One median leaf yellow, roots normal. 

3. ^ots normal. 

4. One median leaf yellow distal of feeding area, median whorl with tips 
wilted. Old roots dead. 

»■ 

Fro. 6. Moan of 18 uninfested check plants. 


/utArmi&Hr m££A$s hamt m6/frf/(Cf£Ase/f6f¥ACfA/r nA»r iv£/6imvc/ieAS£n Kfce/ff- 
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Table 3 summarizes all the measurements with respect to final symptom 
class, which for this experiment were as follows; 0 = healthy uninfested 
plants showing no symptoms, 1 = infested plants showing no root or leaf 
symptoms, 2 = typical wilt symptoms on plants showing recovery, and 3 = 
a single case of advanced third stage symptoms. For the infested but 
symptom-free plants, there is a reduced percentage weight increase and 
what is probably “a significantly reduced length and width of the leaves, 
with MO apparenlly significant difference in the root number. This was 

TAB).E 21 —Boot elongation. Summary of weekly means for each plant which 
showed typical wilt symptoms ^ 


Symptom 

class* 


.3 

o 


Of 


Elongation (in cm.) for week following mealybug infestation 


4th 

5th 

6th 

7 th 

8th 

9th 

10th 

nth 

3.36 , 

2.72 

2.74 

1.54 

0.50 

0.06 

0.24 

0.00 

3.80 

4.28 

0.82 

0.04 

0.04 

0.00 

3.34 

3.88 

3.46 

3.12 

1.20 

0.30 

0.16 

0.60 

1.80 

2 12 

4.42 

3.34 

1.26 

1.08 

0.94 

1.14 

1.96 

2.56 

3.46 

4.64 

1.86 

0.10 

1.36 

1.08 

1.78 

2.74 

4.04 

3.90 

1.88 

0.38 

0.14 

0.00 

2.02 

1.62 

3.54 

3.98 

2.22 

0.08 

0.10 

0.20 

1.60 

2.18 

4.12 

4.62 

2.44 

0.30 

0.28 

0.54 

2.06 

2.36 

4.22 

4.68 

2.84 

0.36 

0.68 

1.02 

2.10 

3.46 

4.42 

3.66 

2.20 

0.60 

0.66 

1.42 

3.4? 

3.90 

4.74 

4.58 

3.96 

0.76 

0.10 

0.30 

0.04 

0.00 

3.80 

4.16 

3.42 

1.14 

0.08 

2.88 

1.90 

2.40 

2.64 

4.90 

4.74 

3.60 

0.60 

0.00 

0.06 

0.72 

4.90 

4.54 

4.62 

3.28 

0.80 

0.10 

0.24 

1.94 

3.46 

3.54 

2.80 

2.80 

0.98 

0.36 

0.02 

1.70 

3.68 

3.98 

3.86 

3.44 

1.72 

0.28 

0.00 

1.54 

4.06 

3.30 

3.40 

4.00 

2.84 

0.78 

0.08 

0.00 

4.00 

3.94 

3.36 

2.78 

2.72 

0.98 

0.22 

0.08 

4.88 

5.24 

4.84 

4.06 

4.40 

3.20 

0.44 

0.48 

4.36 

4.44 

2.64 

3,76 

3.86 

1.18 

0.10 

0.10 

3.93 

4.29 

3.75 

3.85 

3.96 

3.60 

2.88 

3.25 

4.34 

4.60 

4.15 

4.09 

4.05 

3.73 

4.01 

3.68 


a 0 r: Healthy uninfcsted plants showing no symptoms. 
l=r Infested plants showing no root or leaf symptoms. 

2 Typical wilt symptoms on plants showing recovery. 

3 = A single case of advanced third stage symptoms. 

Means of 15 infested but symptom-free plants. 

f Means of 18 uninfested check plants. 

the first indication that a short infestation of mealybugs, insiiflfi(*ient to 
cause wilt on a particular plant, measurably affected the plant's ability 
to grow. The increased number of roots in class 2 reflects the development 
of the flush of new roots with which recovery is associated. 

Infestation of Clonal Material in Vapor Boxes and in the Field 

In the second experiment, varying numbers of mealybugs were used. 
Ten-, 50-, and 250-bug lots were applied to each of 12 plants while 18 
plants were kept as uninfested checks. On the same date that these plants 
were infested, a similar series of plants growing in the field were infested 



650 


Phytopathology 


[VoL. 38 


TABLE 3 .—Summary according to symptom class at time of harvesting the plants 


Data recorded 


Symptom class® 


0 

1 

2 

3 

Number of plants . . 

18 

15 

20 

1 

Slip weight (gm.) . 

208 

206 

210 

194 

Final plant weight (gm.) . 

563 

474 

386 

300 

Increase in plant weight (per cent) . . 

170 

130 

87 

55 

Final number of roots . 

61 

63 

76 

61 

Total length of live roots (cm.) ... . 

2696 

2488 

475 

0 

Total length of dead roots (cm.) . 

24 

14 

1.395 

1521 

Dry weight of root mass (gm.) . 

10.8 

10.6 

5.8 

5.1 

Mean length of 10 longest leaves (cm.) . .. 

49 

42 

38 

36 

Mean length of 10 widest leaves (cm.) 

4.4 

3.9 

3.6 

3.5 

Number of green growing leaves . 

20 

20 

19 

21 

Total number of leaves . 

55 

54 

49 

42 


■ 0 = Healthy uninfested plants showing no symptoms. 

1 = Infested plants showing no root or leaf symptoms. 

2Typical wilt symptoms on plants showing recovery. • 

3 = Advanced 3rd stage wilt. 

at the same time with mealybugs from the same lot. All infested plants 
were sprayed out eight and ten days later. Slips were used as planting 
material and all the slips in both the water vapor boxes and the field plots 
came from the same clone. In addition to this, plants used in the water 
vapor boxes were so distributed that slips from individual mother plants 
were distributed as evenly as possible throughout three water vapor boxes. 
When the field infestations were made, the series were separated by re¬ 
moving plants to provide a space between each set of infested plants. The 
numbers of roots on these plants were counted to provide a sample with 
which the water vapor box plants could be compared with respect to num¬ 
bers of roots. These data are in table 4, and it will be noticed that the 
water vapor box plants had a very much larger number of roots than did 
the field plants. 

Only six plants growing in the boxes showed wilt symptoms and in 
these, five separate mother plants were represented. Five of the plants 
wilting had been infested with 250 mealybugs each; one with 50 mealybugs. 


TABLE 4 .—Experiment 2: Number of roots when plants were infested compared with 
those on a sample number of field plants 


Number of roots 


Field Box 1 Box 2 Box 3 


3 

42 

52 

71 

21 

73 

46 

107 

13 

44 

67 

55 

32 

41 

43 

62 

9 

60 

55 

59 

21 

25 

64 

66 

6 

54 

69 

56 

16 

68 

54 

48 

18 

87 

59 

48 


Field Box 1 Box 2 Box 3 


22 

32 

53 

44 

4 

25 

41 

73 

46 

66 

49 

60 


55 

66 

46 


91 

94 

91 


77 

42 

48 


50 

42 

37 


59 

52 

79 


63 

71 

64 
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Only two of the field plants infested with 250 mealybuj^s wilted and none 
following the smaller infestations. This difference between susceptibility 
in soil and soilless conditions for growth is worthy of note although it has 
not been consistent throughout these experiments. Soil complexes as ef¬ 
fecting susceptibility to wilt have been the writer’s concern in previous 
studies (1, 3, 4). This datum suggests that a factor sometimes present 
in soils is negative for susceptibility. 

The symptom sequences for two of the plants wilted in the water vapor 
box are sliown in figures 4 to 6. 

Figure 4 shows the typical symptom sequence in relation to root elonga¬ 
tion. There is first a drop in the elongation rate and roots begin to die. 
All the roots collapse and the typical leaf wilt begins. New roots emerge 
and the center of the plant resumes growth. 

Figure 5 shows a case of delayed interference with root elongation. In 
this case, one median leaf turned color distal of a heavy concentration of 
mealybug feeding spots which lay in an almost continuous band about 1 
inch wide across the leaf, one month before root failure was apparent. The 
final wilt symptoms in this case were very mild, extending only to the tips 
of a median whorl of leaves when the experiment was concluded. 

Figure 6 is for the means of the uninfested check plants. 

Infestation of Clonal Material for Varying Lengths of Time 

The third experiment duplicated experiment 2 with regard to the use 
of a single clone and the distribution of sister planting pieces from the same 
mother plant. The number of bugs used was varied however, as well as 
the length of time they were permitted to feed before the plants were 
sprayed. Numbers of bugs used were 20, 100, and 500. One set of plants 
was sprayed out after one week and the second after two weeks. Infesta¬ 
tions of field plants were made at the same time with mealybugs from the 
same sources, and these were sprayed out at the end of the first week. 
Counts were made of a sample of field plants as described in Experiment 
2, with the same result as in that experiment, that is, that the roots of the 
water vapor boxes were very much greater in number than in the field 
plants. The experiment was terminated 3 months and one week after the 
infestations were made. 

The use of as many as 500 mealybugs to a plant in a situation open to 
predators and protected from ants resulted in a general attack by preda¬ 
tors so that actually by the end of the second week, the colonies in the 
unsprayed lot were already greatly reduced. Two weeks after infestation 
and one week after the first set of plants had been sprayed, an estimate 
was made of the number of mealybugs on each plant before the second 
lot were sprayed out. These figures represent a minimum number of bugs 
on the plant at the time because it is impossible to count all the mealybugs 
on a pineapple plant unless the plant is dissected. Three sprayed plants 
originally infested with 500 bugs each, had 1 to 3 bugs visible. The un- 
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TABLE 5. —Comparison of wilt incidence in plants grown in field plots and in water 
vapor boxes. Experiment J 


No. of 
mealybugs 


Field 

Water vapor 

No. of 

No. plants 

No. of 

No. plants 

plants 

wilted 

plants 

wilted 

20 

12 


12 

0 

100 

12 

5 

12 

1 

500 

6 

5 

12 

8 


a 1 median leaf wilted at tip only. 


sprayed plants showed colonies of from 15 to 40 in the 500-bug lot, 9 to 
23 in ^he 100-biig lot, and 1 to 2 in the 20-bug lot with 2 out of 6 showing 
no bugs. Actually there was no difference in the number of plants wilting 
following the two feeding periods. In the field where infestations were 
made in an ant occupied area, wilt incidence was greater than in the boxes, 
as shown in table 5. 

In view of the large number of mealybugs used in this test, the reaction 
of individual plants is of interest. Table 6 permits a comparison between 
sister plants within the single large clone from which all the plants used 
were derived. There was no effect on percentage weight increase of plant 
that could be ascribed to the insect’s feeding when wilt did not occur. 
The susceptibility of sister plants differed because among nine plants wilted, 
7 individual mother plants were represented. Further comparisons are 


TABIiE 6. —Comparison of weigliiSy in grams, of plants demud from slips of same 
molhtr plants. All the mother plants belonged to one largie vegetative clone. Ex- 
periment 3 


1^()\ 4--infcrtte(l Box ()-infeated Box fi-cheek 


Mother 

jdaiit 

Slip 1 



Slip 2 



Slip 3 


No. 

Initial Final 

Ine. 

Initial 

Final 

Tuf. 

Initial 

Final 

Im*. 


slip wt. plant wt. 

(Pc‘t.) 

slip wt. plant wt. 

(Pet.) 

slip wt. j)lant wt. 

(Pet.) 

A1 

320 800 

169 

380 

720 

90a 

.340 

840 

147 

A2 

420 750 

79a 

440 

1340 

205 

420 

1340 

219 

A3 

420 850 

102h 

400 

1040 

160 

380 

1040 

174 

A4 

480 810 

69a 

460 

1020 

122a 

420 

1070 

1,55 

A5 

420 1200 

186 

390 

800 

10.5a 

430 

1270 

195 

AO 

400 980 

145a 

380 

930 

14.5a 

390 

1100 

182 

B1 

540 1400 

159 

500 

1280 

156 

570 

1430 

151 

B2 

410 1260 

207 

400 

1330 

233 

440 

1280 

191 

B3 

410 1190 

190 

400 

1110 . 

178 

400 

960 

140 

B4 

380 1020 

168 

400 

10.50 

163 

400 

1120 

180 

B5 

560 1570 

180 

520 

1460 

181 

500 

1380 

176 

B6 

380 1080 

184 

' 370 

840 

127a 

380 

1100 

190 

Cl 

470 950 

102 

430 

1060 

147 

420 

1100 

162 

(^2 

400 1130 

183 

350 

1050 

200 

360 

1120 

211 

(\3 

380 940 

147 

370 

1040 

181 

380 

1200 

216 

C4 

530 1030 

94 

530 

1190 

125 

570 

1270 

123 

C5 

450 1150 

156 

440 

1310 

198 

450 

1300 

189 

re 

450 1200 

167 

420 

12.50 

198 

450 

1390 

209 


Plants showing symptoms. 
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available from table 7, in which the root elongation data and the detaileil 
symptom record are listed. Plants 4A4 and 5A4 were sister plants. 
One had developed root symptoms early and these were followed by severe 
wilting. The other did not develop root symptoms until three weeks later 
and leaf symptoms at the conclusion of the experiment were mild. The 

TABLE 7.— Comparison of roof elongation of wiltal plants with that of symptom free 
plants. Exptrnnert S 


Plant 

Xo. 

Mca ly- 
biigs 


Elongation (in cm.) for week following 
mealAbiig infestation 

used 

4tli 

5th 

6th 

7th 

8th 

9th 

lOfh 

nth 

12th 

1A2 

'SOO 

.3.12 

4.‘^0 

2.02 

0.28 

0.12 

0.16 

0.28 

0.20 

0.54 

4a;i 

500 

3.40 

4.82 

4.32 

1.14 

0.04 

0.12 

0.02 

0.00 

0.00 

4A4 

500 

2.94 

3.70 

2.66 

1,72 

0.18 

0.14 

0.06 

0.30 

0.00 

4Arr 

500 

2.92 

.3.60 

4.82 

3.30 

4.10 

2.60 

1.70 

0.40 

0.18 

5A1 

500 

3.24 

4.88 

1.00 

0.18 

0.16 

0.26 

0.20 

0.28 

1.44 

5A4 

500 

3.58 

5.20 

4.68 

3.30 

3.72 

2.80 

1.54 

0.62 

0.00 

5A5 

500 

3.34 

3.92 

4.48 

2.60 

1.10 

0.32 

0.08 

0.20 

0.00 

5A6 

500 

2.86 

4.18 

4.08 

3.42 

3.96 

1.62 

1.10 

0.20 

0.00 

5B6 

100 

'3.76 

4.62 

4.80 

2.02 

0.42 

0.06 

0.04 

0.00 

0.00 

4C3 

_ 'N 

20 

4.10 

4.48 

4..54 

3..56 

4.32 

3.16 

2.48 

1.56 

0.00 

Mn.“ 

500 

3.17 

4.12 

4.34 

3.57 

3.61 

2.59 

3.23 

2.88 

4.73 

Mn.a 

100 

3.37 

4.07 

4.02 

3.00 

3.59 

2.61 

3.01 

2.76 

3.79 

Mn.ii 

20 

3.16 

4.04 

3.90 

3.22 

3.50 

.3..33 

3.11 

2.70 

3.49 

Mii.*> 

0 

3.09 

4.00 

4.01 

,3.12 

3.52 

2.59 

2.86 

2.47 

3.17 


Notos on syniptoins 


Ty])i(*:il sovoro wilt, 
4tli stage on me¬ 
dian leaves. (Cen¬ 
ter growing. 

Do, but not so se¬ 
verely wilted. 

As for plant 4A2. 

Second stage wilt 
on one leaf, first 
stage on others. 

Typical third stage 
wilt. (Uniter grow¬ 
ing. 

Second stage wilt 
on two median 
leaves, first stage 
on others. 

Tyi)ical second 
f-tage wilt on 
median leaves. 

Sicond stage wilt 
on two median 
leaves, other 
loaves slightly 
offcolor. 

Typical third stage 
wilt. Center grow¬ 
ing. 

Xo leaf syin])toms 
developed by end 
of 12th w(‘(*k. 


« Means of symptom-free planra. 

Means of check plants. 

other pair of sister plants which wilted were 4A6 and 5A6. In both these 
cases, root symptoms were slow in developing and leaf symptoms wTre 
mild. Among the 8 wilted plants infested with 500 mealybugs there is 
considerable variation in time of onset of root symptoms but a fair agree¬ 
ment between early effect on roots and severity of leaf symptoms. Evi¬ 
dence of root elongation symptoms among the plants infested with 500 
bugs, which nevertheless showed no leaf symptoms, is slight; only one of 
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the four plants in this category, (4A5), showed any root elongation reduc¬ 
tion and that for one week only. 

Restricted Feeding of Mealybug Strains 

In experiment 4 the two clearly defined strains of mealybugs, green 
spotting and non-green spotting, were compared, using two methods of in¬ 
festation. In one case the mealybugs were caged on a median leaf as far 
down as possible. Actually it is not feasible to affix the cages as low down 
as the insects normally feed. In the second case the mealybugs were ap¬ 
plied free to the center of the plant and allowed to settle and move at will. 

From 100 to 200 mealybugs of each strain were used in each case. When 
200 bugs were caged on a single plant, 2 cages were used, one to each of 
two leaves, each cage containing 100 mealybugs. 

Field plants were also infested at the same time. A comparison of the 

TABLK 8.— Comparison of wilt inciihncc in plants grown in field plots and in water 
vapor bonces. Experiment 4 


No. of mcaly- 

Strain** 

Location - 

Field 


Water vapor box 



No. plants No. 

wilted No. plants No. wilted 

100 

G.S. 

Free 

12 

7 

t) 2 

100 

N.G.S. 

Free 

10 

3 

6 3 

100 

G.S. 

Caged 

8 

3 

8 3 

100 

N.G.S. 

Caged 

8 

0 

10 0 

200 

(}.S. 

Free 

0 

5 

0 4 

200 

N.G.S. 

Free 

6 

0 

0 4 

200 

G.S. 

Caged 

10 

3 

10 3 

2(]0 

N.G.S. 

Caged 

10 

0 

8’ 1 

»G.S. = 

Green spotting strain 




N.G.S. = 

Non-green 

spotting strain. 





relative wilt in the two types of planting is shown in table 8. Although 
the numbers of plants in each class are too small for final conclusion, it is 
indicated that free living mealybugs, able to move around the typical area 
of feeding, are more effective than caged bugs in inducing wilt. In the 
field the green spotting mealybugs were more effective than the non-green 
spotting strain. 

Effect on root elongation and root collapse was typical for both strains 
of mealybugs. 

Continuous and Intermittent Infestations 

In experiment 5 the effect of small colonies of mealybugs was tested, 
with the manner in which they were applied being the only variable. One 
set of 18 plants was infested with 10 mealybugs to each plant, three times, 
at approximately monthly intervals, the second and third infestations 
being added to the few bugs remaining from the previous colonies. The 
second set v^as infested similarly but each infestation was sprayed out after 
two weeks. There were therefore two weeks’ freedom from mealybug feed- 




TABLE 9.— Boot growth data from plants infested 3 times with 10 mealybugs. Experiment o 
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= Symptoms limited to a single inner leaf. 
= Typical wilt. 
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ing between each separate in testation in the seeond set of 18 plants. There 
were 18 check plants. 

Bach time these plants were infested, mealybugs from the same lot 
were used to infest plants growing in field plots. Ten plants were in¬ 
fested with 10 mealybugs each and 10 with 100 mealybugs each, and these 
were sprayed out after 10 to 14 days. The first mealybug infestation was 
made on November 2; the last on January 3. Root elongation data were 
taken until March 12 and the final leaf symptoms on April 3. 

The first comparison to be made is of the relative wilting in the field 
plots with the two degrees of infestation and in the water vapor boxes 
with the two types of infestation. None of the field plants infested with 
10 bugs each wilted and of the plants infested with 100 bugs each, 26 
per cent wilted. There were 4 cases of wilt in the set of 18 plants which 
were infested with 10 bugs 3 times without intermittent spraying, and all of 
these developed to the severe form. Of the 18 plants infested three tidies 
but with intermittent spraying, 6 showed wilt symptoms but in only one case 
did these progress beyond a single leaf. 

This is an interesting case of the accumulated effects of mealybug feed¬ 
ing in inducing wilt symptoms on pineapple plants. It is clear that wdlt 
occurred following three successive small infestations of mealybugs none of 
w^hich alone were capable of inducing wilt symptoms, and that intermit¬ 
tent spraying reduced the extent to which symptoms developed. The 
length of time necessary for the expression of symptoms, both on the roots 
and on the leaves was much delayed in comparison with the typical se¬ 
quence as shown in figure 4. In table 9, the data for the two series are 
presented for each individual wdlted plant. This is for the purpose of 
calling attention to differences between individuals, particularly between 
those plants whose symptom expression progressed to complete wilt and 
those with limited symptoms only. In order to reduce tabulated matter, 
the data for the first nine weeks are omitted, there being no indication 
until later of any effect on root elongation. The three symptom classes 
for this experiment are 0, symptom-free; 1, with symptoms limited to a 
single inner leaf, and 2, typical wilt. 

Referring to table 9, it will be seen that all five plants in symptom 
class 2 showed typical root collapse. One plant, 4C6, was in the recovery 
stage when the experiment was concluded and its new root system was 
well developed. Another plant in this class, 5A4, had a fair new root sys¬ 
tem developed with no evidence of recovery when the experiment was 
concluded. The cessation of root elongation in this class indicated that 
some were affected after the second infestation of mealybugs, others after 
the third. 

Plants in symptom class 1 which showed only a single leaf wilted, varied 
considerably in their root elongation sequences. Two of them, plants 5A2 
and 5B3, showed evidence of two depressions in root elongation, one in the 
tenth week following the first infestation and another several weeks later. 
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In all the plants in this class there was more than half the root mass alive 
at the end of the experiment. It can also be observed that root elonj?a- 
tion generally, including that of the symptom-free infested plants, was de¬ 
pressed in the plants which had been sprayed with oil emulsion three times 
during the course of the experiment. 

SUMMARY 

When pineapple plants are grown in water vapor cabinets, it is possible 
to follow the symptom sequence of mealybug wilt with considerable accu¬ 
racy. The first measurable symptom ife the cessation of root elongation. 
This is followed by death of the roots which usually but not always in¬ 
volves the entire root mass before wilting of the leaves occurs. The first 
recovery symptom is the production of new roots and this is followed by 
the restoration of turgor to the central leaves of the plant which ])roceed to 
normal growth. 

Sub-wilting symptoms, recognizable only by detailed plant growth mea¬ 
surements, sometimes occur and are expressed as reduction in plant growth. 

Tests with planting pieces from the same mother plant revealed differ¬ 
ences between sister pieces both in susceptibility to wilt and in subsecpient 
development of symptoms. Tests with differential feeding of green spot¬ 
ting and non-green spotting strains of mealybug revealed that frei living 
mealybugs were more effective than those restricted in their feeding area 
by caging. This was particularly true of the non-green spotting strain. 

Continuous infestations maintained by monthly applications of small 
numbers of mealybugs resulted in more extreme symptom expression than 
when similar infestations were sprayed out after two weeks feeding. 
Pineapple Research Institute of Hawaii, 

University of Hawaii. 

LITERATURE CITED 

1. Carter, Walter. Insects and plant diseases. Proc. Haw, Ent. Soc. 9; 159-170. 

1936. 

2 . -^ A method of growing plants in water vapor to facilitate examination 

of roots. Phytopatli. 32: 623-625. 1942. 

3. -. Soil treatments with special reference to fumigation with U-D mix¬ 

ture. Jour. Econ. Ent. 38: 35. 1945. 

4 . -, Some etiological aspects of mealybug wilt. Phytopath. 35: 305- 

315. 1945. 



LEAP VARIEGATION IN TUNG 


J. B. Demare El and John R. Large2 
(Accepted for publication April 6, 1948) 

Leaf variegation in tnng {Aleurites fordi Hemsl.) was first observed in 
approximately 75 seedlings in a nursery near Cairo, Georgia, in 1930. 

The predominant abnormal color in the older leaves was yellow, but there 
were three or four shades of yellow, and mixtures of yellow and green. Some 
leaves appeared normal except for an almost imperceptible spot of yellow, 
perhaps no more than 2 to 3 mm. wide. In other leaves the yellow coloration 
was extensive, involving one-half to three-fourths of the leaf area. Within 
the yellow areas there would often be islands, of various sizes and shapes, of 
normal green tissue. Uniformity or regularity in pattern of colors, such as 
confinement to the leaf perimeter or to the central area, w^ere not observed 
(Pig. 1). 

The yellow colors showed only faintly on the under surface of the leaves. 
The color markings were always present on very young affected leaves, but 
they showed faintly as a greenish yellow. 

This striking tung leaf variegation, when it was first observed, was sus¬ 
pected of being due to some genetic disturbance. The possibility of a virus 
association was not entirely ruled out, although virus infection of woody 
seedling plants rarely, if ever, is apparent naturally during the first sum- 
mer/s growth in a nursery. 

In November, 1930, tung seedlings possessing variegated leaves were 
marked for later use and observation. Apparently healthy seedlings were 
also marked. Buds taken from variegated-leaf plants were budded by the 
ring-bud method into the base of 10 normal seedlings. Buds taken from 
normal-leaf plants were placed in 10 variegated-leaf plants. Young varie¬ 
gated leaves and succulent shoot tissues taken from affected seedlings were 
crushed with a small amount of water in a mortar. This liquid was then in¬ 
jected with a hypodermic syringe into buds and young portions of 10 healthy 
seedlings. 

All marked and treated seedlings were transferred from the tung nursery 
near Cairo, Georgia, to the U. S, Pecan Station, Philema, Georgia, in Jan¬ 
uary, 1931, and planted 12 feet apart in semi-nursery formation. The fol¬ 
lowing spring the budded trees were cut back to about 1 inch above the im¬ 
planted bud. This plot of tung trees was under observation through the 
following 5 growing seasons. 

The final records showed that trees possessing variegated leaves, while 
growing in the nursery rows in 1930, continued to form variegated leaves 
throughout the period of the experiment. Trees that were normal in the 

1 Senior Pathologist and 2 Assistant Pathologist, Division of Fruit and Vege- 
tfible Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engi¬ 
neering/ U. S. Department of Agriculture. 
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beginning continued in their normal status. Buds taken from variegated- 
leaf trees and placed in normal seedlings produced shoots with variegated 
leaves. Adventitious shoots that grew from points below the implanted 
buds formed noi*mal-colored leaves. Buds taken from normal seedlings and 
implanted in variegated-leaf trees produced shoots bearing normal-colored 
leaves. And trees injected with sap expressed from leaves and succulent 
tissues of variegated-leaf seedlings produced only normal green leaves 
throughout the period of the experiment. 

In 1936, twenty of the young variegated-leaf trees growing in semi¬ 
nursery formation at Philema, Georgia, Blossomed and produced a few nuts 
as the result of open pollination. These were harvested, nuts from each tree 
being placed in a separate bag, stored during the winter, and planted the 
following spring."* 



Fig. 1. Tung leaf with typical pattern of variegation. About i natural size. 

Two hundred and sixteen seedlings grew; of these, 114, or 52.8 per cent, 
were of the variegated-leaf type. Some variegated-leaf trees produced seeds 
forming only green-leaf seedlings. Seeds of other trees produced seedlings 
with leaves only of the variegated type. On the other hand, seeds from some 
trees formed both green-leaf seedlings and variegated-leaf seedlings in vari¬ 
ous proportions. 

While the number of seedlings giving rise to variegated leaves in com¬ 
parison to the total number grown was adequate to demonstrate the trans- 
missibility of the variegation character through the seed, the number of 
seedlings from individual trees was too small to be of any statistical im¬ 
portance for forecasting the pattern of inheritance. Some trees produced 
as few as two to five nuts, although seven trees bore 15 to 25 nuts each. 

The evidence presented suggests the involvement of an inheritance factor 

3 The writers are indebted to Mr. Max B. Hardy, formerly Pomologist, XT. S. 
Pecan Field Station, Albany, Georgia, for growing the tung seedlings and for 
making the final observations on their performance relative to variegation. 
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rather than the presence of an infection agent, such as a virus. The varie¬ 
gated leaf character was not transmitted (1) by injecting expressed sap from 
affected shoots, leaves, and buds into healthy tree tissues; or (2) through the 
medium of tissue grafts. Buds taken from green-leaf trees formed only 
green-leaf shoots when implanted into trees having variegated leaves. Buds 
taken from variegated-leaf trees produced shoots with variegated leaves and 
the character of variegation did not migrate to adjacent tissues of the stock. 

The inheritance of this tung variegation appears to be genetic in type. If 
it were cytoplasmic, or maternal, then all seedlings growing from variegated 
trees should have variegated leaves. This did not occur. Four trees pro¬ 
duced only variegated seedlings, 2 produced only green seedlings, and nuts 
from 14 others gave both types of seedlings. 

Normal appearing tung trees have been known to transmit variegation 
to their progeny. Nuts of the Fairchild variety persistently produce some 
variegated seedlings. This variety originated from a single-leaf seedling, 
planted in 1980 in the J. B. Wight Nursery, Cairo, Georgia, where the 
first spe(‘imens of tung variegation were observed that same year. This 
planting was made with seeds secured in small lots from several sources 
in south Georgia and north Florida. A portion of the seeds came from 
single isolated tung trees serving for shade around farm homes. Un¬ 
doubtedly SOUK* of those single trees grew^ from the earliest lots of tung nuts 
introduced into the United States from China during the first decade of 
this century, or from seedlings distributed by the United States Depart¬ 
ment of Agriculture. Mr. Wight received one seedling in 1908, and seeds 
from this tree were used in part for planting the nursery-in 1980. 

We can only speculate as to the source of the tung seeds that produced 
the variegated-leaf plants. There is a j)ossibility that they all came from 
a single tree, because, although the variegated-leaf plants were scattered, all 
were in a restricted section of the nursery. 

SUMMARY 

Although leaf variegation in tung {Aleuritea fordi Hemsl.) is very in¬ 
frequent and not important economically, trees possessing a variable leaf 
pattern composed of three or four tones of green and yellow occasionally 
appear. 

The earliest observation of this phenomenon was in a tung nursery near 
Cairo, Georgia, in 1930. It was suspected that the abnormal leaf coloration 
either w^as associated with the presence of a virus or that some genetic ab¬ 
normality was involved. 

Among 216 seedlings grown from open-pollinated seed produced by 20 
abnormal-leaf trees, 114 or 52.8 per cent, were of the variegated-leaf type. 

The evidence presented suggests the involvement of an inheritance factor 
rather than the presence of a virus. 

Plant Industry Station, Beltsville, Maryland, 

/cND 

Laboratory for Tung Investigations, Bogalusa, Louisiana. 



THE EFFECT OF PRE-PLANTING IRRIGATION ON PATHO¬ 
GENICITY OP RHIZOCTONIA SOLANI IN 
SEEDLING COTTON 

(J L E N Staten and James F. Cole, .1 r . ^ 

(Accepted for publication April fi, 1948) 

Dampiiif;:-olf or soreshin of cotton caused by Rhizoctonia solani Kiihn 
is well known, especially in the irrigated areas of the Southwest where the 
orj^anism occurs frenerally, attacking!: cotton and other crops. While much 
investigational work with seed treatment has been done in an attempt to 
control tne disease, there has been little offered on cultural control. 

LehmarP has called attention to the fact that the orp:anism in an in¬ 
fested soil is very virulent soon after inoculum is added, but rather quickly 
loses this extreme virulence. A commonly sujr^ested explanation for this 
phenomenon is an increase in population of antaf’fonistic or competitive or¬ 
ganisms which reduce the virulence of Rhizoctonia. 

FIELD EXPERIMENT 

A field experiment at State College, New Mexico, >ielded as a by-prod¬ 
uct information which suggested that partial control of the disease is pos¬ 
sible. The experiment was the conventional two-factor experiment with 
nine randomized blocks, two types of seedbeds, flat and double-row bed, 
combined with two quantities of irrigation water, light and heavy, begin¬ 
ning with the initial irrigation. In order to follow accepted farm prac¬ 
tice for the locality, it was necessary to irrigate the double-row bed type 
of seedbed three weeks prior to planting, and the seed was planted in moist 
soil. With the flat seedbed, the seed was drilled in the dry soil and mois¬ 
ture supplied by an irrigation after planting. 

A severe outbreak of Rhizoctonia occurred in some of the plots, one to 
two weeks after emergence of the seedlings, at which time the plots had 
been given only the initial irrigations. Counts of post-emergence damp¬ 
ing-off were made and a summary of the results are in table 1 with an 
analysis of variance of the data in table 2. No signific.mit differences were 
obtained between heavy and light irrigations. However, within each of 
these groups significant differences were secured. Since the experiment 
was planned for another purpose, the damping-off counts being merely a 
by-product, the effects of kind of seedbed and pre-planting versus no pre¬ 
planting irrigation were confounded and could not be separated. Since it 
did not seem reasonable to assume that type of seedbed should affect the 
pathogenicity of a soil-borne fungus, it was assumed that the differences 
in the virulence of the organism were due largely to the pre-planting irri¬ 
gation rather than to seedbed effect. 

1 Associate Agronomist and Assistant in Agronomy, respectively. 

2 Lehman, S. G. Cotton seed dusting in relation to control of seedling infection by 
Rhizoctonia in the soil. Phytopath. 30: 847-853. 1940. 
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GREENHOUSE EXPERIMENT 

A second experiment was set up in the greenhouse with 13 replicates of 
4 treatments in 1-gallon stone jars. Treatments were field soil with and 
without inoculum added, each combined with pre-planting and no pre¬ 
planting irrigation. Field soil was passed through a 4-mm. screen and in 
the infested series a virulent inoculum was worked into the surface inch 
of soil. In order to simulate field conditions, the inoculum was prepared 
by gathering from the field, cotton seedlings which had been killed by 

TABLE 1.— Effect of light and heavy irrigations hi fore planting and at planting 
time on occurrence of poat-emergence damping-off in field experiment 


^ Mean percentage 

Treatment post-emergence 

damping-off 

Light irrigation 

Flat seedbed with no pre-])lanting irrigation . 11.69 

Double-row bed with pre-planting irrigation .. . 2.23 ' 

Heavy irrigation 

Flat seedbed with no pre-planting irrigation .. . ... . 14.50 

Double-row bod with pre-planting irrigation. 4.57 


Least significant difference at odds of 19: 1 is 7.11. 

TABLE 2.— Analysis of data from field experiment on occurrence of damping-off 


Source of variation 

Degrees of 
freedom 

Mean 

squares 

Replicates .. .. . 

8 

34.45 

Heavy vs. light irrigation. 

... . 1 

59.55 

Within heavy irrigation group 

.... 1 

• 444.02** 

Within light irrigation group .. .. 

. 1 

- 402.33* 

Error . 

. 24 

53.44 


* Probability value less than 0.05, 

** Probability value less than 0.01. 

Rhizoctonia, grinding and mixing the air dried plants and adding 2.5 gm. 
of this inoculum to each pot of soil. Pure cultures of the organism were 
secured from the dead cotton seedlings. 

The experiment was begun June 7, the soil in half the pojs being kept 
at optimum moisture content from that time until planting date, June 30, 
the other half remaining dry. Nineteen acid-delinted, Ceresan-treated 
seed of the Acala 1517 variety were planted in each pot. Daily counts on 
emergence and damping-olf were made until the terihination of the experi¬ 
ment, July 30, at which time all surviving plants were examined for lesions. 

A summary of the results of this experiment is in table 3 with analyses 
of variance of the results in table 4. Since the data were of the discrete 
type, analyses were made with the original data expressed both in percen¬ 
tages and after transforming to degrees of an angle. Since both types of 
analyses yielded the same results, the analysis presented is from the data 
expressed in percentages. Because a significant interaction was not ob- 
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TABLE 3.— Summary of greenhouse experiment on effect of pre-planting irrigation 
on occurrence of damping-off 


Field soil with no inocMilum "^Field soil with inoculum 

lidded added 


Data 

No pre- Pre¬ 

planting planting 
irrigation irrigation 

Differ¬ 

ence 

No pre¬ 
planting 
irrigation 

Pre¬ 

planting 

irrigation 

Differ¬ 

ence 

tage emergence 
tage post-emer- 

87.85 

81.79 

6.06 

78.12 

72.88 

5.24 

K damping-off 
tage lesion-free 

2.43 

.48 

1.95 

40.98 

26.28 

14.70* 

ts surviving . . 

68.13 

89.21 - 

21.08* 

6.27 

15.46 

9.19 


* Sijjnifieant differences, P less than 0.05. 


tained in any case, the more informative analysis appears to be the between 
and vithin group type. 

In percentage emergence there was no significant difference between 
pre-planting versus no pre-planting irrigation. There was a significantly 
lower percentage emergence from the infested soil than from the soil re¬ 
ceiving no inoculum, even though Ceresan-treated seed were used. In the 
noninfested soil, very little post-emergence damping-off occurred in either 
the pre-irrigated series or the one not pre-irrigated. In the soil group 
with inoculum added, however, the pre-planting irrigation treatment sig¬ 
nificantly lowered the percentage of post-emergence damping-off from 
40.98 to 26.28. 

In the group receiving no inoculum there was a significant difference 
in the percentage of lesion-free plants surviving in. favor of those grown in 
soil receiving the pre-planting irrigation. The series in this group re¬ 
ceiving no pre-planting irrigation produced a considerable number of 
lesions even though the mortality was negligible. In the soil with inocu¬ 
lum added lesions were produced on the greater portion of the plants 

TABLE 4.— Analyses of variance of data from greenhouse experiment on occurrence 
of damping-off 


Sources of variation 


Beplicates . 

Soils: Inoculum added vs. 

no inoculum added . 

Within soil groups: 

Inoculum added .. 

No inoculum added . 

Error . 




Mean Squares 


Degrees 

of 

freedom 

Percentage 

emergence 

Percentage 
post-emer¬ 
gence damp¬ 
ing-off 

Percentage 

lesion-free 

plants 

surviving 

12 

129.75 

313.32 

247.15 

1 

1129.95** 

13456.39** 

60295.74** 

1 

1 

36 

177.85 

238.83 

130.19 

1403.12* 

24.62 

205.77 

549.24 

3054.28* 

461.64 


* Probability value less than 0.05 

** Probability value less than 0.01. 
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whether receiving a pre-planting irrigation or not. The difference in the 
amount of disease was also evident in the growth of the plants. The plants 
on the noninfested soil receiving a pre-planting irrigation were outstanding 
for size probably because of the high percentage of lesion-free plants. 

The experimental results reported herein check with field observations 
made in the irrigated areas of the Southwest where severe infestations of 
RJiizoctonia have been noted to occur more commonly when seed of sus¬ 
ceptible crops are planted in dry soil after such crops as alfalfa and sugar 
beets grown for seed. In such cases, the inocuilating material consists of 
dry infected plant refuse which produces severe damping-off. 

CONCLUSIONS 

Experimental results indicate that a partial control of Rhizoctonia can 
be secured by giving the seedbed a pre-jdanting irrigation and thereby al¬ 
lowing an incubation period of several weeks duration. The results sug¬ 
gest that the pathogen is partially inhibited by antagonistic or coml^etitive 
organisms when the soil is given a y>re-planting irrigation. 

In rainfall areas early seedbed preparation when soil moisture is present 
is suggested for partial control of disease. 

New Mexico Agricultural Expimment Station, 

State College, New Mexico. 



THE COLORIMETRIC DETERMINATION OF 2,3.DICHLORO. 
1,4-NAPHTHOQUINONE ON SEED 

H. P. Burchfield and G. L. McNevvi 
(Accepted for publication April 10, 1948) 

A colorimetric method for determining: the dosa<i:e of tetrachloro-p-benzo- 
quiuone on seed was described (1) in a previous publication. Since another 
fungicidal member (7) of the quinone series, 2,3-dichloro-l,4-naphtho¬ 
quinone,^ has been used extensively for the treatment of spinach and beet 
seed (4) and has shown distinct promise as a protectant for seed of rice (2), 
peanuts (8), pepper, tomato, maize (3), sorghum (5), and other crops (3, 6), 
there is need for a comparable, simple method of determining the dosage of 
this fungicide. Although the method developed for tetrachloro-p-benzo- 
quinone did not prove directly applicable, a modified colorimetric method 
of analysis was developed. This procedure and data on its reliability for 
measuring the dosage of three different grades of dichloronaphthoquinone on 
several types of seed are presented in this paper. 

CHEMICAL REACTIONS 

The most convenient method of removing the elumiical from seed for analy¬ 
sis is to dissolve it in a selective organic solvent that also provides a suitable 
reaction medium. Acetone was found to be the most satisfactory. The 
reactions of dichloronaphthoquinone in this solvent with aciueous sodium hy¬ 
droxide, trimethylamine, and diethylamine were investigat(»d. Intense colors 
were produced by all of those reagents but they either formed so slowly or 
faded so rapidly that they were not entirely suitable for photometric analy¬ 
sis. In the presence of 10 per cent aqueous dimethylamine, however, an in¬ 
tense red color developed immediately and remained stable for at least 15 
minutes. On longer standing, it faded to a pale yellow that exhibited green 
fluorescence upon dilution with water. 

The exact structure of the red reaction product is not known. Pre¬ 
sumably, an unstable intermediate complex of dimethylamine and acetone 
with dichloronaphthoquinone is formed. The formation of 2-dimethylamino- 
3-chloro-l,4-naphthoquinone would normally be anticipated since this ma¬ 
terial is obtained in good yield when the reaction is carried out at high con¬ 
centrations. Although these two materials exhibit maximum absorption 
(Pig. 1) in the visible range at 495 m/i, the specific extinction coefficient of 
the red complex, calculated on the weight of the dichloronaphthoquinone, is 
more than twice that of the dimethylamino derivative. 

Regardless of the chemical nature of the red compound, it was found to 

1 The authors are indebted to H. P. C. Burrell and Geo. E. 0 ’Brien for technical 
assistance in conducting these experiments. 

2 Sold commercially under the trade-name of Phygon and tested extensively since 
1942 under the code IT. S. Bubber Compound 604. 
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be well suited for the colorimetric determination of dichloronaphthoquinone. 
The color formed quickly, was sufficiently stable for routine analysis and was 
proportional in intensity to the concentration of fungicide in solution. 

MATERIALS AND METHODS 

In order to standardize the available equipment and determine the 
analytical constant for pure dichloronaphthoquinone, tests were made in a 
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FlO. 1. Absorption spectra of the reaction product of dichloronaphthoquinone with 
dimcthylaminc and acetone (solid line) and of 2-dimethylamino-3-chloro-l,4-naphthoqui- 
none in acetone (broken line). 

Lumetron colorimeter with several concentrations of a purified sample (m.p. 
193° C.) recrystallized from acetic acid. An acetone solution containing 
0.25 gm. per liter was prepared and aliquots of 25, 20, 10, 5, and 2 ml. each 
were transferred to 50-ml. volumetric flasks containing 10 ml. of 10 per cent 
aqueous dimethylamine and sufficient acetone to make a total volume of ap- 



1948J Burchfield and McNew: Fungicide on Seed 667 

proximately 45 ml. after adding the aliquot. The mixtures were made to 
volume with acetone and transferred to a 1-cm. absorption cell for photo¬ 
metric analyses in a colorimeter equipped with a green filter. 

When the data on the percentage of light transmitted (T) by the various 
samples were converted to optical densities and plotted against the con¬ 
centration of dichloronaphthoquinone (grams per liter in the final test solu¬ 
tion), a linear relationship was found. The apparent specific extinction 
coefficient, calculated as described elsewhere (1) was found to be 14.6 with 
the equipment used. Repetition of the test showed that the results were 
reproducible to within dz 1.10 per cenUof the total chemical provided the 
above procedure was followed. Changes in the order of adding the reagents 
produced small, but significant, differences in the intensity of the color. 

For the analysis of seed, 5-gram samples were weighed to the nearest 
0.01 gm., washed in three or four portions of acetone (analytical reagent 
grade), and the combined extracts made up to 50 ml. After filtration 
through a fluted No. 5 Whatman paper to remove foreign material, an aliquot 
of 25, 10, 5, or 2 ml. depending upon the dosage anticipated, was transferred 
to a 50-ml. volumetric flask containing a dimethylamine-acetone mixture and 
treated as described above. The percentage of dichloronaphthoquinone on 
the seed was calculated as follows: 

Percentage of dichloronaphthoquinone = 

KVW 

where Vo is the initial volume of the extract, V the volume of the aliquot, K 
the apparent specific extinction coefficient, and W the sample weight. 

In order to measure the reliability of this method, seed of hybrid dent 
corn and peas of the variety Perfection were treated with three different 
formulations of dichloronaphthoquinone (Phygon, about 87 per cent active; 
Phygon-DDT-Sl, a wettable grade about 85 per cent active and containing 
1 per cent of DDT; and a special mixture containing 50 per cent of active 
material in whiting). Each composition was added to glass jars containing 
approximately 200 gm. of seed weighed to the nearest 0.01 gm. Sufficient 
material was added to obtain a dosage of 0.48, 0.24, 0.12, 0.06, and 0.03 per 
cent by weight after a nominal loss on the walls of the container. After 
the seed and chemical had been tumbled for 30 minutes on a vertical turn¬ 
table at 28 rpm, the seed were reweighed, correction was made for any 
loss or gain in the weight of the untreated check, and the dosage of chemical 
was calculated. 

Five-gram samples from each treatment were analyzed in triplicate by 
the above method and the results corrected for the percentage of active in¬ 
gredients in each formulation. Emergence data were taken on 16 replicates 
of 25 seeds each from these lots sown in composted greenhouse soil that was 
known to be severely infested with seed-decaying fungi. The soil was 
thoroughly moistened and held at 55° F. for seven days after the seed was 
sown in order to induce severe seed decay. 
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experimental results 

The data obtairii^d on corn and pea seed treated at different dosage levels 
with the three formulations of dichloronaphthoquinone are given in table 1. 
The analytical data (mean of three determinations) are in very close agree¬ 
ment with the calculated dosages obtained by weighing. The discrepancies 
ranged from 0 to 12 per cent at the higher dosages and from 0 to 90 per cent 
at the lower dosages. 

The colorimetric method is inherently as accurate at the lower dosages 
as at the higher ones since the concentration can be adjusted to the optimtim 

TABLE 3 .—Relationship of dosage on pea and corn seed as determined by weighing 
and colorimetric analyses to emergence in infested soil 


Treatment 
apidied 
to seed 

Results on corn seed 

Results on pea seed 

Dose by 
^veigllillg 

D()se« by 
analysis 

Emergence 

Dose by 
weighing 

Dose« by 
an.'ilysis 

Emergeiic 

» 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Phygou 

0.47 

0.488 

93.0 

0.44 

0.418 

94.2 

0.26 

0.248 

90.0 

0.21 

0.215 

93.8 


0.32 

0.121 

89.8 

0.12 

0.124 

88.8 


0.08 

0.064 

83.5 

0.05 

0.056 

81.2 


0.02 

0.037 

79.8 

0.04 

0.037 

83.5 

Phygon—DDT 

0.44 

0.485 

87.6 

0.41 

0.413 

93.5 

0.26 

0.262 

90.5 

0.21 

0.2J9 

92.5 


0.12 

0.158 

87.8 

0.15 

0.159 

93.8 


0.06 

0.075 

87.5 

0.07 

0.075 

83.8 


0.03 

0.059 

78.5 

0.05 

0.0.58 

82.2 

Phygoii—50 per 

0.46 

0.417 

85.3 

0.42 

0.368 

89.5 

cent 

0.23 

0.228 

84.0 

0.20 

0.208 

85.8 


0.14 

0.127 

85.0 

0.15 

* 0.149 

88.0 


0.06 

0.060 

78.5 

0.07 ' 

0.062 

74.8 


0.02 

0.033 

64.3 

0.03 - 

0.064 

63.2 

None 

0.00 

0.000 

16.0 

0.00 

0.000 

37.5 


0.00 

0.000 

18.8 

0.00 

0.000 

37.5 


0.00 

0.000 

18.0 

0.00 

0.000 

40.5 

Minimum Sign. 

Diff. 5 per cent 

5.2 



7.1 

Minimum Sign. 

Diflf. 1 per cent 

6.8 



9.3 


«("orrected to 100 per cent on basis of percentage active ingredients. 


by dilution; so these differences at the lower dosages suggest that most of 
the error is in the weighing method. A statistical analysis of the triplicate 
colorimetric tests showed a mean range of 4.3 per cent of the total chemical 
present, and a standard deviation of 2.53 per cent for the individual analyses. 
Since the standard deviation of the analytical constant on pure chemical 
in known concentration was 1.10 per cent, the error attributable to sampling 
and Aveighing the seed Avas in the order of 2.28 per cent of the total dichloro- 
naphthoquinono on the seed. 

It is obvious that the analytical data are much more reliable than those 
from either weighing or seedling emergence. The slopes of the dosage- 
response curves on both crops Avere not sufficiently steep to be of practical 
use in measuring small variations in the amount of chemical applied. The 
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weij?hing: method is inaccurate because it is based on the measurement of 
small differences (0.01 to 0.04 gm. of chemical) between two large masses 
(200 gm. of seed). The onl}^ analytical data that might be construed as 
being unreliable are those obtained on peas with 50 per cent Phygon at 0.03 
per cent. Both the seedling emergence and dosage by weight indicate a 
significantly lower dosage than in the preceding treatment. This one dis¬ 
crepancy is minor, however, in view of the other 29 observations. 

Less extensive tests were made on seed of Lima beans (var. Fordhook), 
spinach (var. Virginia Savoy), and beets (var. Asgrow Canner). Seed were 
treated at recommended rates of 0.25, 0^0, and 1.00 per cent, respectively. 
By reweighing the seed, the dosages were calculated to be 0.22, 0.60, and 1.05 
per cent by weight. The means of triplicate colorimetric determinations for 
the three crops were 0.216, 0.578, and 1.03 per cent, respectively. In making 
these tests it was found that a 20-gm. sample of Lima bean seed gave much 
more reliable results than a 5-gm. sample while 2.5 gm. of either spinach or 
beets gave accurate records. When making? tests on samples of these differ¬ 
ent sizes the seed were washed in acetone and made to the customary volume 
of approximately 10 ml. per gr^m of seed. 

summary and discussion 

A simple, rapid method of analyzing seed for dosage of 2,3-dichloro-l, 
4-naphth()(piinone was developed. The chemical is washed from the seed 
with acetone and treated with 10 per cent aqueous dimethylamine to produce 
a red color. The intensity of the color is directly proportional to the amount 
^of dichloronaphthoquinine; so, accurate determinations can be made by 
measuring the amount of light transmitted. The dosage can be calculated 
from these data or estimated graphically by plotting the calibration points 
for known concentrations of the chemical on semilogarithmic paper and 
fitting the best straight line. The concentration of fungicide in the final 
solution can be determi-ned directly from this graph. 

The Agricultural Chemicals Laboratory, 

Naugatuck Chemical Division, U. S. Rubber Company, 

Bethany 15, Connecticut. 
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PIIYTOPATIIOLOGICAL NOTE 


Influence of Nutritional Level on the Susceptibility of Tomatoes to Fu~ 
sarium wilt }—Recently Walker and Foster^ have reported that nutritional 
balance and total salt concentration aifect severity of, as well as susceptibil¬ 
ity to, pathogenesis by Pusarium lycopersici Snyder and Hansen. These 
authors conclude that ^‘disease devolopment in susceptible or intermediate 
resistant hosts grown at a temperature optimum for wilt, decreased with an 
increase in nutrient concentration regardless of the degree of virulence of 
the pathogen used or the age of the plants within the limits of the studies.^’ 

To produce tomatoes of maximum susceptibility to Pusarium wilt for 
chemotherapeutic studies, plants of the susceptible John Baer variety were 
grown in builders’ sand in unglazed pots. A complete nutrient solution 
of the same composition as that used by Walker and Poster (0.1 H) 
was added at weekly intervals at the rate of 25 ml. per pot, the balance of 
the water requirement being supplied as water. Snch plants, when inocu¬ 
lated with th(* virulent strain of Pusarium used in the Wisconsin studies,*'^ 
became diseased only very slowly if at all. Quite obviously the nutritional 
level in our tests was lower than the minimal level examined by Walker 
and Poster since their nutrient solution was supi)lie(l in drip culture and 
constituted the sole source of water for the plant. Apparently, also, the 
plant expresses an increased resistance to disease with a decreased nutrient 
concentration below the minimal level examined by these authors. 

To test this hypothesis, John Baer tomatoes were grown in builders’ 
Sand in pots in the greenhouse, at a thermostatically controlled temperature 
of 83° P. (28° C.), The same nutrient solution was used as was employed 
by Walker and Poster, and applied at concentrations corresponding to their 
0.1 H, 1 H, and 10 H levels of nutrition. Such nutrient was applied every 
other day at the rate of 25 ml. per pot, the remainder of the water require¬ 
ment being supplied as water. Inasmuch as the nutrient solution in our 
tests was not the sole source of water, the levels of nutrition are less than 
those used by Walker and Foster and are here specified as 0.1 X, 1 X, and 

TABLE 1. — Effect of level of nuirilion on susceptihility to and STVeriiy of Fusarium 
lycopersici in John Baer tomatoes 


Nutritional 

level 


Number infected 
(of 20 plants) 


Percentage 
of -plants 
infected 


Index 
of severity 


0.1 X 8 40 26 

IX 19 95 75 

10 X 1 5 0 


1 Published with the approval of the Director of the Connecticut Agricultural Ex¬ 
periment Station. 

2 Walker, J. C., and R. E. Foster. Plant nutrition in relation to disease development. 

III. Fusarium wilt of tomato. Amer. Jour. Bot. 33: 259-263. 1946. 

3 We are indebted to Drs. Walker and Foster for supplying us with cultures of the 
strains ©f Fusarium employed in their investigations. 
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10 X, respectively. Twenty plants were maintained at each nutritional 
level for one month before inoculation, and for one month afterwards be¬ 
fore readingrs were taken. Ileadingts of disea.se were based on (1) the num¬ 
ber of plants infected, as judged by the appearance of vascular discolora¬ 
tion and wilted or dying leaves and (2) the severity of disease expression 
based on indexes of disease as used by the above-mentioned authors. Re¬ 
sults are reported in table 1. 

Further differences between lots of plants are shown photographically 
in figure 1. 



Fig. 1. Pliotogr.njih of tomato plants j^rowii on two nutritional levels and inoculated 
^^itll Fufiarium hjcopemci. The two plants on the left show the severity of disease when 
plants were maintained at X nutritional level, whereas the two plants on the right indicate 
the response of plants maintained at the 0.1 X level. Plants maintained at the 10 X level 
appeared completely healthy and received an index of severity of 0 (See table 1). 

There is evidently an optimum nutritional level for infeetion of tomatoes 
and severity of disease by Fuaarium lycopersici. This lies in the region 
between the minimum for normal growth and the ideal.—E. M. Stoddard 
and A. E. Dimond, Conneetieut Agricultural Experiment Station, New 
Haven, Connecticut. 
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ANNO[TN(^EMKNT 


FORTIETH ANNUAL MEETING 

The fortieth annual meeting of The American Phytopathological Society 
will be held at the William Penn Hotel, Pittsburgh, Pennsylvania on De¬ 
cember 6, 7, and 8, 1948. The Northeastern Division will meet with the 
parent Society. The Council will meet on Sunday, December 5, at 9:30 
A.M. Accommodations for 375 persons have been reserved by the hotel for 
our meeting. You arc urged to return to the hotel, as soon as possible, 
the room reservation card which is being mailed to all members. 

Arrangements have been made for meeting rooms for the usual sessions 
of the Society. However, facilities for special group meetings must also 
be arranged in advance and it will be appreciated if requests for such 
meetings are forwarded to the Secretary, Curtis May, at the earliest pos¬ 
sible date. 

In accordance with provisions of the Constitution of the Society, ab¬ 
stracts of papers to be presented must not contain more than 200 words 
and must be received by the Secretary not later than October 8, 1948. 
The Constitution directs the Secretary to return, to the author, abstracts 
submitted after the closing date, which is 60 days prior to the annual 
meeting. 

Anyone interested in tours through industrial plants in the vicinity of 
Pittsburgh, may write the chairman of the local committee on arrange¬ 
ments, Dr. W. C. Price, University of Pittsburgh. Consideration is being 
given to arranging such tours for December 9. 



FACTORS AFFECTING THE DEVELOPMENT OF BACTERIAL 
SOFT ROT OF POTATO TUBER INITIALS^ 

R. S. Davidson2 
(Accepted for publication April 1, 1948) 

Potatoes grown in low, poorly drained areas produce low yields when 
excessive rainfall prevails for several days during the period of tuber initial 
formation. Lenticel infection of tuber initials, similar to that described by 
Smith and Ramsey (27) on early harvested mature tubers, was observed by 
the writer during field studies on the incidence of bacterial soft-rot at the 
Minnesota Agricultural Experiment Station. Bacterial lenticel infection 
of mature potato tubers, as observed at harvest, has been reported (13, 14, 
15, 24, 25, and 26), and the pathological histology and identity of the bacteria 
involved have been studied (27). This paper deals with the environmental 
conditions under which lentical infection of tuber initials may occur, the 
extent of such infection, and the bacterial organisms involved. These studies 
were conducted at the Minnesota and the Rhode Island Agricultural Ex¬ 
periment Stations. 

MATERIALS AND METHODS 

At the Minnesota Station, Irish Cobbler potato plants were grown in 
8 -inch clay pots, in the greenhouse. At the Rhode Island Station, Irish 
Cobbler and Green Mountain plants were grown in Wagner-type subirriga¬ 
tion pots as described by Wheeler et al. (31) or plants were grown in 
greenhouse ground beds 48 by 60 inches and 18 inches deep with a gravel 
underlay. 

Soils that had been under a cultivation program which included potatoes 
in the rotation were used. In Minnesota, sandy loam from University Farm 
was used; and Bridgehampton very fine sandy loam from the Experiment 
Station Farm, where potatoes had been grown continuously for at least 5 
years, was used in Rhode Island. 

In the Minnesota experiments, all fertilizer was applied as follows; 40 
lb. N, 240 lb. P 2 O 5 , and 120 lb. K 2 O per acre. The nitrogen was derived 
from sulphate of ammonia, the P 2 O 5 from concentrated superphosphate (43 
per cent P2O5), and the K 2 O from muriate of potash. In the Rhode Island 
experiments, with the exception of specific studies on the relation between 
varying amounts of inorganic fertilizer constituents and the occurrence of 
infection, fertilizers were applied at the following rates per acre: 90 lb. N, 

1 Paper No. 2393, Scientific Journal Series, Minnesota Agricultural Experiment Sta- 
tion, and Contribution No. 704 of the Rhode Island Agricultural Experiment Station. 

The results presented in this paper are based on investigations made at the Minnesota 
and Rhode Island Agricultural Experiment Stations. 

Presented also to the Graduate School of the University of Minnesota in partial ful¬ 
fillment of the requirements for the degree of Doctor of Philosophy, March, 1947. 

2 Formerly Research Assistant, University of Minnesota; Assistant Research Plant 
Pathologist, Rhode Island Agricultural Experiment Station; and at present Assistant 
Plant Pathologist, Ohio Agricultural Experiment Station. 
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Yq derived from nitrate of soda and % from sulfate of ammonia; 180 lb. 
P 2 O 6 , 5/9 of which was derived from superphosphate and 4/9 from concen¬ 
trated superphosphate (47.5 per cent PaO.-,); 180 lb. K 2 O, from muriate of 
potash. As a safeguard against magnesium deficiency, 30 lb. MgO as calcined 
magnesite (88.5 per cent MgO) was added. 

It was evident from the outset that soil moistures produced in the green¬ 
house would not be entirely representative of field conditions. Nevertheless, 
an attempt was made to simulate field conditions in so far as possible. All 
water added to the soil was on the basis of monthly rainfall equivalent. 
To obtain a standard for pots and beds the amount of water necessary to 
approximate a given monthly rainfall rate was determined on the basis of 
the surface area of an individual pot and a greenhouse bed. Water was 
added at daily intervals, 0.4 gallon equalling one inch of rainfall for a green¬ 
house bed and 61 cc. equalling one inch for each Wagner pot. Water was 
added to the greenhouse beds from overhead and was measured Yfy means of 
a disc water meter. Water was applied to the surface of the soil in the 
Wagner pots by direct measurement in cubic centimeters. 

Soil moisture in the greenhouse beds and in the Wagner pots was 
determined on the basis of nven-dry weight, after water had been applied at 
several established rates to each. Triplicate soil samples for moisture 
determinations were taken, from a depth of approximately 4 inches, at least 
every other day, with a butter trier. In the beginning a series of soil 
moisture determinations was made for Bridgehampton very fine sandy loam; 
these data were used to compute the amount of water added to the soil in 
subsequent experiments. On the basis of oven-dry weight determinations, 
Ihe water-holding capacity of the soil in the beds was approximately 29 per 
cent, while in the pots it varied between 32 and 35 per cent. Tap water was 
used throughout the investigations. 

STUDIES ON INFECTION OF TUBER INITIALS 

The Effect of Soil Temperatui'e 

A study was made of the effect of high soil moisture and various soil 
temperatures on bacterial infection of tuber initials of the Irish Cobbler 
variety. Constant temperature tanks, described by Christensen (5), were 
maintained at 4°, 18°, 24°, 27°, 34°, and 39° C. 

Each tank accommodated 8 pots, one plant in a pot. Pots were suspended 
by wire racks attached below the collars of the pots so as to permit complete 
saturation of the soil with water from the temperature tank, but so as to 
avoid standing surface water. One potted plant from each of the 7 tanks 
was removed at approximately 12-hour intervals, the first series of 7 plants 
being examined 24 hours after the plants were placed in the tanks. The 
final series of plants was examined 36 hours after the previous series. Each 
plant was removed from the pot, washed in running tap water, and the 
number of healthy and infected tubers recorded (Table 1). The experiment 
was repeated using the same variety and the same soil temperatures. Plants 
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were examined at 48-hour intervals, beginning 24 hours after the soil was 
saturated. These data also are recorded in table 1. 

Although this study was concerned principally with tuber initials, the 
response of the plants to environmental conditions also was observed. Black¬ 
leg symptoms, as described by Morse (22), appeared only in this phase of 
the work (Table 1). 

No proliferation of lenticels was observed on tuber initials at 4° C. in 
less than 72 hours, ^bout 60 hours after the beginning of the first experi¬ 
ment, the temperature in the 4^ C. tank rose to 10° for about 8 hours 
because of insufficient ice. Although 4° C. is near the minimum for growth 

TABLE 1 .—The relation of soil temperature to bacterial lentjcel infection in tuber 
initials in flooded soils in two experimints 


Soil 

24 

31 


Time flooded (hours) 



• 

("C.) 

47 

56 

72 

80 

96 

118 

tomperatiire 












Percentage of tuber-initial iiitectioii 



4 

0 

^ 0 

0 

0 

50 

33 


100 


0 


0 


0 


100 


M) 

0 

^0 

0 

0 

0 

25 


50 


0 


0 


0 


100 


21 

0 

0 

83 

37 

50 

100 


100a 


0 


62 


100 


100 


24 

0 

0 

55 

100 

100 

83 


o 

o 


25 


100 


100 


100 


27 

0 

0 

100 

100 

100« 

100a 


100a 


50 


100 


100 


100 


34 

29 

100 

100 

100* 

100a 

100a 


100a 


68 


100 

✓ 

100 


100» 


39 

100 

100 

100» 

lOOtt 

100a 

100a 


100a 


100 


100 


100 


lOOa 


Control 

0 

0 

0 

0 

0 

0 


0 


0 


0 


0 


0 



“ Plants with symptoms of blackleg at time of examination. 


of the bacterial organisms associated with soft rot, the higher temperature 
probably increased the bacteriaf activity in the s6il and favored lenticel 
proliferation, since a slight amount of proliferation was observed in the 
initials examined after 72 hours. The combination of the higher tempera¬ 
ture and lenticel proliferation probably favored entrance of the bacteria. 
When the original temperature was restored, periderm formation probably 
was retarded enough to prevent normal development and maturation of the 
periderm cells. Therefore, they were not resistant to the dissolving enzymes 
produced by the bacteria. The lenticels of potato tubers proliferate very 
little at low soil temperatures according to Devaux (8). He found that 
the optimum for proliferation was between 20° and 30° C. This was true 
also in the present study, where lenticel proliferation increased as the tem¬ 
perature increased within the 20° to 30° C. ^ange. 

The low percentages of infected tuber initials at 21° C. (Table 1) with 
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56 and 72 hours ^ exposure in moist soil may have been due to the complete 
disintegration of a portion of the infected initials, thus making an accurate 
count of total number of infected tubers impossible. 

The Effect of Soil Fertility 

An experiitient was conducted to determine the effects of different ratios 
of nitrogen, phosphorus, and potassium on lenticel infection in saturated 
soils. The standard fertilizer treatment w^as a 6-12-12 grade. The follow¬ 
ing 6 modifications of this standard, as well as an unfertilized treatment, 
were included: 0-12-12, 6-0-12, 6-12-0, 12-12-12, 6-24r-12, and 6-12-24. 

Each fertilizer grade was applied to 24 individual Wagner pots; 12 
were planted with a single seedpiece of Irish Cobbler variety and the remain- 

TABLE 2 .—The percentage of tuber initials of Irish Cobbler and Green Mountain 
varieties infected through the lenticels in soils saturated for different lengths of time 
and fertilized with different grades 


Fertilizer grade applied »t time of planting 


Variety and 
flooding 
time 

(HH) 

<N 

2 

rH 

1 

6-4)-12 

o 

1 

<M 

rH 

6-12-12 

12-12-12 

6-24-12 

6-12-24 




Infected tubers (per cent) 



Green Mountain 









Flooded 96 hrs. ... 

48 

30 

6.3 

52 

39 

66 

52 

50 

120 hrs. . . . 

28 

54 

75 

60 

43 

46 

43 

63 

144 hrs. 

68 

44 

67 

51 

62 

61 

65 

60 

168 hrs. . 

45 

55 

57 

54 

72 . 

59 

81 

78 

Average*. 

47 

46 

65 

54 

54 

58 

60 

63 

Irish Cobbler 









Flooded 96 hrs.. 

26 

48 

71 

52 

67 

56 

54 

41 

120 hrs. . . 

64 

52 

62 

63 

45 

65 

51 

34 

144 hrs. . 

44 

50 

71 

37 

59 

43 

60 

37 

168 hrs. . 

53 

41 

75 

57 

55 

83 

65 

53 

Average* 

49 

48 

70 

52 

56 

62 

58 

41 

Average botli v:irieties*> 

48 

47 

68 

53 

55 

60 

59 

52 


» Differene(» necessary for significance at 5 per cent level is 15.6 per cent. 

Difference necessary for significance at 5 per cent level is 11.5 per cent. 

ing 12 with Green Mountain variety. The various fertilizer combinations 
were mixed thoroughly with the top 4 inches of soil in each pot before 
planting. Twenty-four pots, 12 of each variety, were prepared without 
fertilizer treatment. The planted pots were placed in the field during the 
last week in May with treatments randomized within the variety. The pots 
were protected from all natural rainfall. Throughout the early part of the 
growing period the soil moisture in all pots was maintained at 20 to 22 per 
cent on oven-dry basis. Seventy days following planting, the moisture 
content of the soil was increased to 33 to 35 per cent, the approximate field 
capacity of the soil, and was maintained for 168 hours. The plants were 
rempved from 24 pots, 12 each of the 2 varieties, after 96, 120, 144, and 
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168 hours. Roots and tuber initials were w^ashed thoroughly in running 
tap water. The number of tuber initials per plant, the number of infected 
initials, the degree of lenticel proliferation, and the condition of the seed- 
piece were recorded. 

The percentage of infected tuber initials for each plant was calculated 
and the data treated statistically according to the recommendations of Hayes 
and Immer (16). Before an analysis of variance was made, the actual 
percentages were converted to degrees, as suggested by Bliss (3). The 
differences in percentage of infected tubers in the different fertilizer treat¬ 
ments were significant at the one per cent level. There was no significant 
difference between varieties or between any of the first or second order 
interactions. The average percentages of tuber initials infected in 3 repli¬ 
cates of each treatment for each of the 2 varieties are in table 2. 

The Effect of Atmospheric Humidity 

Irish Cobbler and Green Mountain plants were grown in Wagner pots in 
the greenhouse at 18° C. The pots were weighed daily and soil moisture 


TABLE 3 .—The percentage of tuber initials of Irish Cobbler and Green Mountain 
varieties infected at different soil moistur<s and relative humidities of the air 


Variety 

Percentage 
soil moisture 
on dry weight 
basis 

Percentage 

relative 

Percentage of tuber initials infected 
after the number of hours indicated 


humidity of - 
atmosphere 

48 

95 

120 

144 

168 

192 

Cobbler 

35 

85 

0 

0 

25 

23 

29 

55 


35 

30 

0 

0 

0 

0 

0 

0 


22 

85 

0 

0 

0 

0 

0 

0 


22 

30 

0 

0 

0 

0 

0 

0 

Green 

Mountain 

35 

85 

0 

50 

20 

60 

45 

25 


35 

30 

0 

0 

0 

0 

0 

0 


oo 

85 

0 

0 

0 

0 

0 

0 


22 

30 

0 

0 

0 

0 

0 

0 


maintained at 22 per cent. Fifty-two days after planting, the soil moisture 
in half of the pots of each variety was increased to 35 per cent. One half 
of the pots of each variety at each of the two moisture levels was placed in a 
Wardian chamber. Two-inch metal standards for the pots kept them above 
the water that filled the metal pan to a depth of one inch. The relative 
humidity of the atmosphere in the chamber was about 85 per cent. The re¬ 
maining lots of potted plants were kept in the greenhouse at a relative 
humidity of approximately 30 per cent. Daily greenhouse temperatures 
varied between 19° and 21° C. throughout the 192-hour period. Individual 
plants from the 4 groups of each variety were examined at 24- to 48-hour 
intervals, beginning 48 hours after the increased soil moisture and high rela¬ 
tive humidity were provided. The results, in table 3, are based on the percent 
age of infected tuber initials present under the stated conditions of soil 
moisture and atmospheric humidity. Lenticel infection of tuber initials of 
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both varieties was found only on plants grown in saturated soil and in an 
atmosphere with a relative humidity of 85 per cent. 

Relation Between Soil Moisture and Lenticcl Behavior 

According to Hayward (17), lenticels are formed by a division of the 
cortical cells which produces a group of loosely organized cells, termed 
complementary cells. Pressure on the complementary cells, resulting from 
development and growth of the periderm, causes a rupture of the epidermis 
at the original stomatal opening. Lenticcl formation usually results from 
a local cellular proliferation with the formation of a channel or opening, 
according to l^evaux (9). He also states that a lenticel is an organ in the 
process of continual growth and destruction. In the potato tuber, the 
process of continual growth and destruction maintains a state of equilibrium 
when soil moisture conditions are optimum for potato plant gi;pwth. This 
natural balance between growth and destruction is accompanied by ^beriza- 
tion. In wet soils, the rate of growth exceeds the rate of destruction and 
suberization of the complementary cells, thus creating openings through 
which soil-borne microorganisms enter. 

It is common knowledge that lenticels swell and proliferate when potato 
tubers are grown in, or exposed to, high soil moistures. De Bary (7) 
demonstrated that cells formed by the meristematic layer of cells of the 
lenticels have ‘‘hygroscopicity,^^ a tendency to take up water and become 
swollen. He showed that much of the conspicuous extrusion of the com¬ 
plementary cells which characterizes proliferated lenticels resulted from 
the swelling of these cells, lie also observed that very little proliferation of 
lenticels occurred at low temperatures and determined the optimum for 
proliferation to be 20^ to 30° C. According to Olufsen (23), moderate soil 
moistures are the most essential requirement for periderm formation, while 
excessive soil moistures hinder periderm formation and cause cell 
proliferation. 

Most of the lenticels on the surface of tuber initials were in the apical 
quarter or third of the tuber. On mature tubers the lenticels were more 
evenly distributed, with a slight preponderance at the extreme apical end. 
Lenticel distribution on immature tubers was not always apparent to the 
naked eye because lenticels were very small and inconspicuous in the apical 
region. Stomata were found in various stages of transformation to lenticels, 
progressing from the apical end toward the stem end of the tuber. Develop¬ 
ing lenticels were much smaller, less swollen, and less proliferated in the 
apical region than near the stem end. The extent of the proliferation ap¬ 
peared to vary directly with increasing amounts of soil moisture. 

In the present study the bacteria entered the tuber initials through the 
lenticels in all instances, so far as could be determined. On tuber initials 
in soil saturated to field capacity, infection is likely to be most abundant 
.near the apical end. The first signs of lenticel infection were most frequent 
in the apical third of the tuber initial, although lenticels near the stem end 
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occasionally became infected first. When lenticels in the stem end of the 
tuber became infected first, the progress of the infection was slow and did 
not become so extensive as that in the apical region. 

Infections through lenticels resulted in very uniform, circular, water- 
soaked areas from 1 mm. to as much as 20 mm. in diameter. The periphery 
was usually distinct and uniform. On freshly dug tuber initials the infected 
spots appear water-soaked and sometimes slightly brown. After exposure to 
the air for an hour or more, the infected areas become deep pink, and after 24 
to 48 hours ^ exposure to the air, they become brown with a sunken pox-effect 
on the surface. 

The depth of the infection appeared to depend on the age of the tuber 
initial and age of the infection. In general, the depth was governed by the 
thickness of the cortex of the tuber initial. The cortex is proportionately 
thicker in initials than in mature tubers. On tuber initials 15 to 20 mm. in 
diameter, the depth of the infected area is about equal to the radius of the 
infected area on the surface. When the infected area on the surface was 
10 to 12 mm. in diameter, the depth of the infected areas extended beyond the 
cortical region. Infection spots often coalesced to form large surface spots, 
with rather deep penetration into the tuber tissues. 

The epidermis covering a single infected lenticel was often distended, 
forming a blister over the infected area. When freshly dug tubers with 
blisters were submerged in water, gas bubbles issued from the lenticels. A 
cracking sound, as the bursting of a small balloon, was detected when pressure 
was applied to the blisters. Occasionally the entire contents of the tuber 
decayed, the epidermis merely providing a bag for the watery contents. 
Once a lenticel became infected, proliferation ceased. 

The infected cortex was watery to viscous. The epidermis over infected 
lenticals was broken easily and often could be washed away with running 
tap water. The decayed tissue beneath the epidermis was readily washed 
away also, leaving a uniform crater-like pit. When the epidermis covering 
several adjacent infected lenticels was removed, the exposed tissue appeared 
as if chewed by a rodent. 

The odor of the decayed tissue was variable. Some infected lenticels, 
when carefully lanced with a scalpel, were odorless; others had a very strong 
sour odor, especially those in advanced stages of decay and those resulting 
from coalescence of several infections. Secondary putrifying organisms 
may be responsible for the odor in many instances. 

Bacteria were consistently isolated from infected lenticels. Several 
hundred isolations were made, but fungi were never obtained. Actinomyces 
appeared in some dilution plates but never without bacteria. 

Infected lenticels were observed occasionally on the stolons. The only 
instance in which affected stems were found was during the studies of the 
effect of various soil temperatures (Table 1). There were many infected 
initials on plants with blackleg symptoms; however, no association between 
these two pathologic responses of the host was established in the present 
study. 
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TABLE 4. —Physiological characteristics of the cultural types within four spicies 
of bacteria isolated from infected lentieds and other parts of potato plants 


Cultural 
types** *> 



«• I 

iS 


Krivinia carotovoui 
1 - - 

o __ _ 

3 - - 

4 

5 - - 

r» 

7 « 

8 - - 

9 - - 

10 + F 

11 - - 

12 - - 

13 

14 - - 

15 + - 

10 - - 

17 1 - 

18 - - 

19 + - 


- + + 

+ + 

+ + + 

+ f 

i + 

+ + 

- + + 

- + + 

+ - + 

- + + 

- + + 

I- - + 

+ f 

- + + 

- + + 

- + + 

- f + 

- + + 

- + -f 


20 4 

21d + 

22d I 

23d f 

E. aroideac 

24 4. 

25 4 

26 4 

27 

28 4 

29 

30 + 

31 

32d 4- 

Bacillus misenfericus 

33 4 4 4 

34 4 4 4 

35 14 4 

36^ 4 f - 

B. poli/mym 

37 ‘ + - - 

38 - - _ 

39 4 -i _ 

E. solanisapra 

40d + - - 

E. phytophthora 

41d + - + 

Escherichia coli 

42d _ ^ + 
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. * Cultures 1 to 32 and 40 to 42, inclusive, were (rram-negative; 33 to 39, inclusive, 
were Oram-positive and spore-formers. All isolates produced short rods and were aerobic 
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BACTERIAL IDENTIFICATION STUDIES 

All microorganisms studied were bacteria isolated from infected lenticels 
on tuber initials and from stems of plants with blackleg symptoms. Single¬ 
colony isolations from cultures purified by the dilution-plate method were 
used in all the identifications and pathogenicity studies reported here. All 
bacterial isolates and type cultures were maintained on Bacto-nutrient agar 
or Bacto-nutrient broth. Identification tests were made according to the 
procedures outlined for pure-culture studies by the Society of American 
Bacteriologists (6). All bacterial isolates included in the identification 
studies were first tested for their ability to produce a soft-rot on potato 
slices in the laboratory. Only those isolates which rotted potato slices were 
included in the identification studies. The characteristics determined for 
the various isolates are summarized in table 4. 

Gram stain reaction of all isolates was determined by the llucker 
modification of the Gram stain. Standard culture 36 was selected as 
a check for Gram-positive reaction and standard culture 21 for Gram-nega¬ 
tive reaction. All isolates were Gram-negative with the exception of 33, 34, 
35, 37, 37a, and 38. The Gram-stain reaction was determined on smears pre¬ 
pared from 48-hour Bacto-nutrient agar-slant cultures. 

All isolates were stained by the Schaeffer and Pulton modification of the 
Wirtz method of spore staining. Again, the two cultures used as standards 
in the Gram-stain reaction were employed as checks. The smears for the 
spore stains were prepared from 10-day-old Bacto-nutrient agar-slant cul¬ 
tures. Isolates 33, 34, 35, 37, 37a, and 38 were the only ones that produced 
spores. 

Motility was determined in hanging drops prepared from 8-hour Bacto- 
nutrient broth cultures. All isolates were actively motile except standard 
culture 42. 

Physiological Characteristics 

Starch Hydrolysis, The ability of each isolate to hydrolyze starch was 
determined by means of the starch-agar plate technic. A loop transfer 
from a broth culture of each isolate was streaked on a plate of Bacto-nutrient 

and facultatively anaerobic. All cultures except 42 were actively motile, negative for 
indole production, and pathogenic on potato slices. 

b Each of these types was isolated once, except 1 to 3, inclusive, each of which was 
isolated three times j 4 to 7, inclusive, and 37 we/e isolated twice. Isolates identical in 
reactmi to those listed are not included in the table but are referred to in the text as 
a and b. 

c+, Positive for gelatin liquefaction, starch hydrolysis. Methyl Bed Test, Voges- 
Proskauer Test, nitrate reduction, and HgS production. -, Negative reaction for the 
above five tests and no visible change in color indicator or gas produced, o. Slight acid 
production, light pink color, a. Weak acid production, pink to orange color. A, Strong 
acid production, yellow to clear color, b, 1 to 5 per cent gas by volume in fermentation 
tube, g, 5 to 10 per cent gas by volume in fermentation tube. G, 10 to 100 per cent 
gas by volume in fermentation tube. 

Standard cultures 21 and 22 were obtained from Dr. W. H. Burkholder, Cornell 
University, who considers them typical of M, caroiovora; 23, 32, 40 and 41 were obtained 
from the American Type Culture Collection; 39 was obtained from Dr. G. A. Ledingham, 
Division of Applied Biology, Ottawa, Canada; 36 and 42 from the Department of Bac¬ 
teriology, University of Minnesota. 
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agar containing 0.2 per cent soluble starch. All plates were incubated at 26° 
to 28° C. for 48 hours, after w^iich each plate was flooded with a saturated 
solution of iodine in 50 per cent ethyl alcohol. Isolates 10, 20, 29, 30, 33, 
34, and 35 hydrolyzed starch; the others did not. 

Fermentation of Sugars, Alcohols, and Olucosides, All isolates were 
tested for ability to ferment xylose, dextrose, mannose, sucrose, lactose, and 
maltose. Glycerol was used to determine the ability of the isolates to ferment 
an alcohol. Salicin and aesculin were selected to represent the glucosides. 
Bacto-phenol-red nutrient broth base containing 1 per cent of each of these 
nine compounds was used for all liquid media. All media for fermentation 
tests were prepared in Durham tubes, in 5 cc. aliquots, and sterilized for 20 
min. at 121° C., except the media containing xylose, which was sterilized 
with flowing steam for 20 min. on 3 successive days. 

The various media were inoculated with a single-loop transfer of a 24- 
hour broth culture. Each isolate and standard culture was tested in dupli¬ 
cate on each of the 9 media. All cultures for fermentation studies and other 
physiological tests were incubated at 28° C. The inoculated broths were 
examined after 24 hours and a daily check was made of each test for 2 weeks. 
The maximum amount of acid or gas, or both, produced during the 2-week 
period was taken as the final reading for each culture. 

Liquefaction of Gelatin. Liquefaction of gelatin was determined on stab 
cultures in Bacto-nutrient gelatin incubated at 20° C. Of the 44 isolates 
studied, 15 liquefied gelatin. The cultures were kept for 28 days; however, 
all isolates which liquefied the medium did so in 4 to 9 days after inoculation. 
The type of liquefaction varied from stratiform to infundibuliform, with 
complete liquefaction in all positive cultures after 28. days. Details are given 
in table 4. 

Seduction of Nitrates. Reduction of nitrates was determined by the 
sulphanilic acid alpha-naphthylamine test. All isolates with the exception of 
25, 27, 29, and 31 reduced nitrates to nitrites. Only one isolate, 28, reduced 
nitrate with the evolution of gas. Gas production was determined for all 
cultures in Durham fermentation tubes. 

Indole Production. The isolates were tested for the production of indole 
by the Ehrlich-Bohme method. Duplicate cultures of each isolate were in¬ 
oculated into Bacto-tryptone broth media and incubated at 28° C. One 
culture of each isolate was tested for indole production after incubation for 
24 hours, and the duplicate, after 48 hours. . None of the isolates produced 
indole. A culture of Escherichia coli, 42, that was known to produce indole 
was included as a check. It gave a positive reaction after 24 and 48 hours. 

Production of Hydrogen Sulphide. Hydrogen sulphide production is 
detected in bacterial cultures by the blackening produced when bacteria are 
grown in the presence of a metal such as lead, lead sulphide being produced. 
Only isolates 3, 3a, 3b, 9, and 13 were positive for hydrogen sulphide pro¬ 
duction. 

Methyl Red Test. The methyl red test is used to detect high acidity 
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produced by certain organisms in the presence of dextrose. This test has 
been included in comparative studies of soft-rot bacteria by Stanley (29), 
and Dowson (10,11). Bacto-M.R.-V.P. medium was used in the methyl red 
and “ Voges-Proskauer Reaction.’’ Of the isolates tested, 3, 3a, 3b, 9, 12, 
24, 33, 34, and 35 gave a positive reaction. 

VogeH-Froskauer Reaction,** This test was made with the same medium 
as that for the methyl red test. The reactions of the various isolates to this 
test are in table 4. 

As a result of the identification studies four species of bacteria were 
found associated with lenticel infection; Erwinia carotovora (Jones) Hol¬ 
land, Erwinia aroideae (Townsend) Holland, Bacillus mesentericus Trevisan, 
and Bacillus poly my xa (Prazmowski) Migula. Isolates 1 to 20, inclusive, are 
believed to be most similar to Erwinia carotovora as typified in the reactions 
of standard cultures 21, 22, and 23. Variation in the physiological tests was 
recorded; however, it was no greater than that recorded in standard cultures 
21, 22, 23, 40, and 41. The variation in the physiological reactions of mem¬ 
bers of the E, carotovora group has been studied by Leach (20). The varia¬ 
tion among the isolates here considered to be most similar to E. carotovora 
was no greater than that given by Leach (20) for the group, and that re¬ 
ported by Stanley (28). 

Only isolates 10, 15, 17, 19, and 20 liquefied gelatin. If LeaclPs (20) 
grouping, which includes Erwinia solanisapra (Harrison) Holland, is fol¬ 
lowed, the variablility in gelatin licpiefaetion is confirmed. Bergey (2) 
records surface liquefaction to a depth of 2 mm. after 25 days’ incubation 
for E. solanisapra. Where such slight amounts of liquefaction were observed 
in the present studies, negative reactions were recorded. 

Standard culture 41 had a very weak acid reaction in aesculin broth, 
while all other standard cultures and literature listings for the test show 
acid production without gas. Those isolates classified here in the Erwinia 
carotovoroi group gave either a negative aesculin reaction, or both acid and 
gas positive reaction. 

Isolate 9 gave a negative reaction in salicin broth, while all others pro¬ 
duced acid and gas. Isolates 3, 8, 9, 13, and 19 produced both acid and gas 
in glycerol. 

In 1904, Townsend (30) described a bacterial soft-rot of calla lily and 
designated Erwinia aroideae as the causal organism. Massey (21) and 
Wingard (32) reported a soft-rot of tomato fruits caused by E. aroideae, 
Massey (21) concluded from comparative tests of E. aroideae and E, caroto¬ 
vora that these two organisms, although closely related, should be maintained 
as separate species. Brierley (4) also included E. aroideae in comparative 
studies of bacteria which caused a rotting of potato tuber tissue under labora¬ 
tory conditions. He stated, **Erwinia aroideae may be found destructive 
under field conditions also, when a survey of soft rots in the field is under¬ 
taken.’’ Stanley (29) and Dowson (10, 11) suggested this organism be 
classified separately because of its consistent inability to produce gas in the 
various carbohydrate-containing broth media. 
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Isolates 24 to. 31, inclusive, are believed to be most closely related to 
Erwinia aroideae. The reactions of these 8 isolates to the various tests are 
recorded in table 4. It is apparent that there is considerable deviation from 
the standard culture 32. Bergey (2) and Dowson (10, 11) recorded gelatin 
liquefaction for E, aroideae, but isolates 27, 29, and 31 did not liquefy it. 
Seven of the 8 isolates were negative for both the methyl red and ‘‘Voges- 
Proskauer Reaction,’’ while isolate 24 was positive for both. Four of the 
8 isolates apparently had lost the ability to reduce nitrates, while one, 28, 
reduced nitrates with the production of gas. None of the isolates produced 
hydrogen sulphide. Bergey (2) has recorded a positive reaction for this test, 
while a negative test was recorded for the standard culture 32 in these 
studies. Again, as in comparative studies of the isolates determined to be 
E, carotovora, considerable variation was found among the 8 isolates here 
assigned to the E, aroideae group. It seems most logical to classify the 
isolates in this group on the basis of their ability to rot potato tubers and 
their consistent production of acid without gas. Isolate 30 is included in 
the E, aroideae group because it causes rot, and may have produced acid, 
although in quantities too small to be detected with phenol-red indicator. 

Brierley (4) isolated Bacillus mesentcricus from a wound rot of potato 
tubers. Subsequently it rotted healthy potato tubers at temperatures of 20° 
C. and above in the laboratory. Some spore-forming bacteria of the Bacillus 
suhtilis and Bacillus poly my xa types can dissolve the middle lamella of 
parenchymatous tissues (1). 

The characters of the 3 isolates of Gram-positive, spore-forming bacilli, 
33, 34, and 35, agree with those of standard culture 36 in all tests except the 
methyl red test, which was positive for all 3 isolates but negative for 36. 
Isolate 34 appeared as a variant of a culture of isolate 33 and rotted potatoes 
faster than its parent. 

Dowson (12), isolated Bacillus polymyxa from stored potato tubers. 
More recently, Jackson and Henry (18) isolated the same spore-forming 
bacterium from potato soils in Alberta, Canada, and demonstrated that it 
could enter through wounds and rot potato tubers at high temperature and 
humidity. 

Three isolates of Gram-positive, spore-forming bacilli, 37, 37a, and 38, 
gave typical Bacillus polymyxa reactions in the various tests. They did not 
hydrolyze starch, and 38 did not liquefy gelatin. Isolates 37a and 38 were 
obtained from infected lenticels. Isolate.37 was derived from the base of 
a potato stem with typical symptoms of blackleg. 

DISCUSSION 

Potato tuber initials grown in wet soils become infected with several 
species of bacteria that enter through proliferated lenticels. The higher 
the soil moisture, the greater was the lenticel proliferation and the number 
and extent, of lenticel infections. 

, Lenticels are formed on tuber initials early in the development of the 
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initial. Lenticels near the stem end of the tuber initial may be mature while 
stomata are still present at the apex of the tuber. Infections occurred most 
frequently in the stem end two-thirds of the initial, with no infections in 
the extreme apical region. This observation suggests that lenticels more 
frequently than stomata are predisposed to infection in wet soils. Those 
lenticels in the middle third of the initial were more frequently infected than 
those in the extreme stem end, which further suggests that immature lenticels 
are more susceptible to infection than mature ones. 

In proliferated lenticels, the complementary cells are formed rapidly, 
are thin walled, non-orderly in arrangement, and have large intercellular 
spaces. The cork layer, which normally forms beneath the complementary 
cells, is not present in actively proliferating lenticels in wet soils. There¬ 
fore, proliferated lenticels are not protected against entrance of pathogens 
such as soft-rot bacteria. 

The amount of oxygen in wet soils may not be sufficient for suberization 
of the complementary cells and for cork formation; consequently, prolifer¬ 
ated lenticels are further predisposed to infection, as Leach (19) has 
suggested in the case of blackleg. 

Potato tuber initials grown in wet soils where high nitrogen fertilizers 
had been applied were very susceptible to lenticel infection, probably because 
of increased rate of complementary cell production, which thus provided 
less protection to the lenticel. 

That the warm, muggy weather that often prevails when soils are wet 
is conducive to lenticel infection is suggested by the observation that infec¬ 
tion of tuber initials was more severe on plants grown in atmospheres with 
a high relative humidity. The soil temperatures usually encountered upder 
such circumstances would also be favorable to lenticel infection. 

The soil environmental conditions in which lenticel infection occurs are 
also optimum for the growth of the 4 species of bacteria; Erwinia carofovora, 
Erwinia wroideae, Bacillus mesentericuSy and Bacillus polymyxa, which are 
all facultative anaerobes and are known to be more active under partially 
anaerobic conditions. The anaerobic atmosphere of the rhizosphere was not 
conducive to the growth of fungi and, in extremely wet soils, prevented the 
development of Actinomyces. This unnatural balance in the soil micro¬ 
flora may reduce the prevalence of microorganisms that are antibiotic to the 
soft-rot bacteria. The increased bacterial activity also may be due to a 
symbiotic relation of the soft-rot bacteria and other bacteria which would 
not be present in soils of lower moisture content. 

SUMMARY 

1. Potato tuber initials can be completely rotted at very early stages in 
their development, especially in wet soils, by at least 4 species of bacteria : 
Erwinia carotovoray Erwinda aroideae, Bacillus mesentericuSy and Bacillus 
polymyxa. 
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2. The rotting of the initials fn wet soils was occasionally so extensive as 
to suggest that rotting may, in some instances, be responsible for low yields 
of potatoes. 

3. In studies made to determine factors which predispose tuber initials 
to rot, two soil types were used; sandy loam from the Minnesota Agricultural 
Experiment Station Farm, St. Paul, and Bridgehampton very fine sandy 
loam from the lihode Island Agricultural Experiment Station Farm, Kings¬ 
ton. Rotting was most abundant in both soils when they were saturated to 
field capacity. 

4. Of a total of 30 isolates obtained from infected lenticels on potato 
tuber initials and potato plant stems grown in University Farm sandy loam, 
26 were Erwinia carotovora and 3 were Bacillus polymyxa. From tuber 
initials grown in Bridgehampton very fine sandy loam, Erwinia aroideae 
was isolated 8 times, Erwina carotovora 4 times, and Bacillus mesentericus 
3 times. This suggests that the relative prevalence of the soft-rot bacteria 
may vary in different regions or soils. 

5. The development of lenticel infection is retarded by soil temperatures 
of 18° C. and lower and is accelerated at higher temperatures. All tuber 
initials on plants grown in saturated soils at 39° C. became infected within 
24 hours, whereas the initials on plants grown at 4° and 18° C. required 96 
hours for infection. 

6. Lenticel infections were more abundant on tuber initials of the Irish 
(Gobbler than on those of the Green Mountain variety in all experiments, 
but the differences were not statistically significant. The percentage of 
proliferated lenticels and the extent of proliferation on individual tubers 
wore greater on initials of Cobblers than Green Mountains. There were 
more lenticels on Cobbler than on Green Mountain tuber initials. 

7. In the present study, bacterial infection of tuber initials occurred 
only through lenticels. 

8. Blackleg symptoms were observed on plants grown in saturated soil at 
temperatures of 21° C. and above, with the optimum for the disease symp¬ 
toms between .34° and 39° C. 

Minnesota Agricultural Experiment Station 

AND 

Rhode Island Agricultural Experiment Station. 
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THE INFLUENCE OP CULTURAL CONDITIONS ON 
FLAG SMUT OP WHEAT 
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Flag smut, Urocystis tritici Koern., causes an average loss of less than 
5 per cent of the wheat crop in Egypt, but under certain conditions it may 
cause a loss of 50 per cent or more. It is the object of this work to deter¬ 
mine the factors which influence the spread and the distribution of the 
disease in Egypt and to find a cheap method of control. 

The disease probably has been present in Egypt for a long time. It at¬ 
tacks the Hindi varieties of wheat, Triticum vulgare, which are known to 
have been grown in Egypt for hundreds of years. The pathogen may also 
have been introduced to this country with imported Australian grain during 
the Great War of 1914. • 

The first record of the disease in Egypt was made by Pahmy (See 7) 
ill 1923. Melchers and others (7) found flag smut at Maiisoura in 1928. 
Jones (5) reported the disease and stated ‘‘Ordinarily this disease is very 
rare, but it appears to be becoming more common and may demand treat¬ 
ment in some cases.Jones and Seif el-Nasr (6) stated that the disease 
was at its maximum near the center of the Delta: the highest figure of in¬ 
fection ever recorded in a field was 58 per cent, but the average percentage 
in a normal year was very much less. 

It is most severe in lower Egypt (the Delta) and decreases gradually 
southwards, becoming rare in Upper Egypt. ^ It has been reported in Sinai, 
but has not yet been seen in the Oases. The intensity of the disease varies 
from year to yeai*. 

METHOD AND MATERIAL 

The Hindi D variety of wheat which is susceptible to flag smut disease, 
was used unless otherwise indicated. The seed was obtained from the 
Propagation Section of the Ministry of Agriculture. Spores for infection 
purposes were taken frdm diseased plants collected especially for this pur¬ 
pose. In infesting the experimental plots, a sample of light soil was in¬ 
fested by mixing it thoroughly with diseased straw and with spores at ap¬ 
proximately the rate of 5 gni. of straw and 1 gm. of spores to 1 kilogram 
of soil. Each experimental plot received, at the proper time, approximate¬ 
ly 1 kilogram of this inoculum, which was evenly spread on the surface of 
the soil and mixed with it to the depth required. 

The artificially infested seed was prepared by adding approximately 
0.5 gm. spores to 1 kilogram of seed, and then thoroughly mixing them. 

The plants of each experiment were kept under observation from the 
time of sowing to the time of harvest. Readings were taken every fort¬ 
night and the total number of the smutted plants per plot were, then, 
recorded. 
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The wheat plants of many different plots, eaeh plot being 2x5 meters, 
were counted and the average number i^er plot was 750 plants. 

Tliis work was carried out in the Field Stations of the Ministry of 
Agriculture at Dokki and of the Faculty of Agriculture of Farouk 1 Uni¬ 
versity at Damanhour, and in the laboratories of the Plant Pathology 
Section of the said Ministry during 1940-1941, 1941-1942, and 1942-1943. 

FACTORS INFLTTENCING DISTRIBUTION OF DISEASE 

The spread of the disease in Egypt depends on different cultural and 
environmental factors which act either together or separately. The main 
factors which influence the distribution and spread of the disease are: (1) 
date of sowing; (2) method of sowing; (3) manurial treatment; (4)\smut 
spore load on the seed ; (5) number of waterings. 

Date of Sowing 

Date of sowing jilays an important part in the incidence of the disease. 
Tisdale, Dungan, and Leighty (14) reported that late sowing (after No¬ 
vember 1), in Illinois, greatly reduced infection by flag smut. Millikan 
and Simo (11), in Australia, found that early sowing favored infection. 
Two experiments were di'signed in 1940-1941 and in 1941-1942 at Dokki to 
investigate this point. Artificially infested seed was sown on the follow¬ 
ing dates: Oct. 1, Oct. 15, Nov. 1, Nov. 15, Dec. 1, and December 15, 1940 
and 1941, in artificially infested plots. Each treatment was reported six 
times. In figure 1, are ])resented the data obtained and the maximum and 
the minimum daily air temperatures for each period. 

The effect of date of sowing on the incidence of the disease is very pro¬ 
nounced. The plants of the early sowings were almost free from the dis¬ 
ease, while those of the late sowings, particularly in 1941, were very badly 
attacked. The highest infection occurred in the plants of the sowings of 
Dec. 1. The curves indicate that temperature appears to be the main factor 
in this case. 

]\fethod of Sowing 

In Egypt, wheat is sown either by the ‘‘Afir’^ or by the “ Herat! 
method. In the ‘‘Afir^^ method, sowing takes place on dry soil which is 
irrigated at once, in the ‘ ‘ Herat!method sowing occurs on moderately 
moist soil which is, then, left without irrigation for about one month. 
These two methods of sowing influence the incidence of certain smut dis¬ 
eases. El-Helaly (2) working on kernel smut of sorghum stated that 
“Herati’^ sowing favors considerably the spread of the disease. Jones and 
Seif el-Nasr (6) working on smut diseases in Egypt found that the crops 
planted by the ‘ ‘ Herat! method consistently bore more flag smut than the 
‘‘Afir’’ planting. 

In our experimental plots at Dokki, the Herat! method of sowing favored 
infection. In 1940-1941 flag smut infection was 4 to 5 per cent in the four 
Afir sowings and ranged from 9 to 12 per cent in the four Herati sowings. 
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The next year, 1941-1942, the smut ranged from 2 to 10 per cent in Afir 
sowings and from 15 to 34 per cent in the Herati sowings. It seems that 
the underlying factors in this case may include one or more of the follow¬ 
ing: water drainage, soil temperature, depth of sowing, and soil moisture. 

Drainage of Water of Irrigation at Sowing, Watering which follows 
sowing in the *‘Afir’^ method may remove, during drainage, the spores ad¬ 
hering to the seed coat, leaving the seed almost clean. El-Helaly (2) 
working on kernel smut of sorghum found that ‘‘the soil particles retain 
the smooth spores and, therefore, do not allow their passage through during 



Fig. 1. The percentages of flag smut in plots of Hindi D wheat planted on different 
dates and the temperatures during the planting season at Dokki, Egypt, in 1940-1941 
and 1941-1942. 

irrigation.’’ This may be true of the sculptured flag smut spores which 
may be clustered in spore balls. 

Soil Temperature. Soil temperature in the “Herati” method may be 
more favorable for fungus attack. Jones and Seif el-Nasr (6) stated that 
the “Afir” plots were a fraction of a degree to two degrees C. cooler than 
the corresponding “Herati” plots. 

Depth of Sowing, In the “Herati” method the seed is broadcast on 
wet soil and is then ploughed in, giving an average depth of about 8 cms.; 
in the “Afir” method the seed is broadcast on dry soil and is then cov¬ 
ered by means of the zahhafa, a long narrow flat block of wood dragged 
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over the soil; by this method the seed becomes buried to a depth of about 

4 cms. Miller and Millikan (8), Millikan and Simo (11) and Jones and 
Seif el-Nasr (6) reported that deep sowing favored infection by Urocystis 
tritici. 

In order to ascertain the effect of depth of sowing on the incidence of 
flag smut disease, experiments were conducted in 1942-1943 at Damanhour 
using 3x7 meters, artificially infested plots. The plots were drilled with 
artificially infested wheat grain in strips at a depth of 0.5 cm., 2.5 cms., 

5 cms., 7.5 cms., 10 cms., 15 cms., and 20 cms. 

The ‘‘Herati’* method was followed and great care was taken in order 
that the depths might be as accurate as possible. Table 1 contains the data 
obtained from these plots. The data agree with those of the earlier work¬ 
ers, i:e,y the disease increases with the increase in the depth of sowing. 

TABLE 1 .—The stand of plants and the percentages of flag smut on three varieties 
of wheat sown at different depths at Damanhour in 1942-194S 


Staudft and pcrcentagc‘i» of flag smut in 


Depth of 
sowing. 

Tliiidi D 

Mabrouk 

Hindi 62 


Stand 

Smut 

Stand 

Smut 

Stand 

Smut 

0.5 

15 

9 

9 

8 

11 

5 

2.5 

41 

28 

36 

30 

42 

28 

5.0 

41 

38 

37 

43 

40 

33 

7.5 

42 

44 

39 

57 

40 

37 

10.0 

41 

44 

40 

50 

40 

33 

15.0 

41 

50 

33 

54 

36 

41 

20.0 

;i7 

52 

30 

66 

31 

55 


« The number of plants in a plot, each number being the average of six. 

h Each percentage is the average for six plots. 

It is known that infection occurs when the living fungus comes in con¬ 
tact with recently germinated seedlings. The occurrence of infection is 
limited to the period between the time of germination of the seed and the 
appearance of the seedling above ground. In deep sowings the coleoptiles 
remain longer below the surface, growing in damp soil which will, also, 
keep the infecting fungus alive for a longer time. This condition will ob¬ 
viously lengthen the period of susceptibility and will, thus, increase the 
chances of infection. 

Soil Moisture at Sowing, Soil moisture varies according to the two 
methods of sowing. With the ‘‘Herati’' method, the soil is irrigated 8 to 
15 days prior to sowing and is left until it is just moist enough for plow¬ 
ing. Any smut spores that have had soil moisture available for 8-15 days 
and a natural pre-soaking may put them in condition for germination and 
infection when the wheat seeds are sown. With the “Afir^^ method the 
soil usually has dried out for 40-50 days prior to sowing and water is first 
added at sowing time. There probably is insufiScient soil moisture for a 
pre-soaking of smut spores and the delay in their germination may mean 
less opportunity for infection of the wheat seedlings. 
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The work of Noble (13) shows that the spores of flag smut will only 
germinate after three days’ soaking in water and then with difficulty. The 
addition of small quantities of the tissue of wheat seedlings to spores 
which had been presoaked in water for several days increased germination. 
The stimulation by the tissue is greater when the spores have been pre¬ 
soaked for three or more days than when water and fresh tissue are pro¬ 
vided simultaneously. Griffiths (4) stated that the spores of flag smut do 
not germinate readily; but a fairly high percentage of germination oc- 
CMirred by floating the spores on distilled water in a watch glass at a tem¬ 
perature of 18° to 20° C, Germination began in two or three days and 
proceeded rapidly from the fourth day onwards. Fairly good germination 
also occurred in distilled juice expressed from wheat seedlings, while in 
some cases germinating seeds also proved a stimulating medium. Spore 
germination tests, which were made in our laboratory, confirmed the work 
of Noble in that the addition of wheat grain or wheat seedling juice to 
spores which had been presoaked in water for some days grdatly increased 
germination. 

This obviously will explain the difference in the incidence of the disease 
between the moist and the dry soil. The spores in the dry soil will receive 
water of irrigation just after sowdng, i.c., the spores and the seed will be 
in contact from the beginning. Germination of spores would be poor and 
chances of infection will, therefore, be slight. The spores in the moist soil, 
on the other hand, will be under different conditions; for they will have 
been f)resoaked for the requisite three days or longer, and will therefore, be 
stimulated into rapid germination as soon as the wheat grain is planted. 

The germination of spores adhering to the grain coat will, also, be poor, 
as both spores and seed will be present together from the beginning. 

Manurial Treatment 

The influence of manuring on the severity of flag smut was studied by 
Forster and Vasey (3), who concluded that applications of lime up to 10 
(*wt. per acre markedly increased infection, as did applications of farm¬ 
yard manure; when a mixture of both was applied, infection was particu¬ 
larly severe. Superphosphate appeared to have no effect on the disease. 
Millikan (9) made sand culture trials and concluded that calcium deficien¬ 
cy inhibited completely the development of flag smut in the susceptible 
variety Free Gallipoli, nitrogen and potassium deficiencies both tended to 
decrease the severity of the disease, and phosphorus and magnesium defi- 
ciences to increase it. He (10) also stated that a calcium excess of twice 
the normal dosage significantly increased infection in the Free Gallipoli 
variety; a four times normal excess had no effect; but severity of attack 
was increased by combining double calcium with one-fourth magnesium 
and one-tenth phosphorus. Excess of phosphorus or potassium alone had 
no effect. With the Ghurka variety no treatment increased susceptibility 
to any degree comparable with that of susceptible controls grown under 
the same conditions. 
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TABLE 2 .—The percentages of flag smut on Hindi 1) wheat grown at Dohki in 1941- 
fj and given different manurial treatments 


Treatment 


Average smut infection per plot* 

Fertilizer 

Amount per 
feddan 

Number of 
smutted plants 

Percentage 

Control. 


299 

39.9 

(Calcium nitrate. 

200 kilos 

.396 

52.8 

Potassium sulphate . 

Bo 

324 

43.2 

Superphosphate . 

Do 

333 

44.4 

Lime. 

Do 

352 

46.9 

Farmyard manure (Baladi) . 

20 eu. m. 

367 

48.9 


» Kach figure is an average for the six plots of a treatment. 

In order to determine the effect of manurial treatment on the incidence 
of the disease, an experiment was carried out in 1941-1942 at Dokki, using 
2x5 meters, artificially infested plots which had been differently manured. 
Each treatment was repeated six times. Artificially infested grains were 
used in all cases. The data in table 2 show that infection was severe in all 
eases, and that all the manures tried increased the incidence of the disease. 

Smwt Spore Load on the Seed 

Millikan and Simo (11) stated that the use of a heavy spore load 
(1 per cent) for inoculum favored infection by Urocystis tritici. Two ex¬ 
periments on this phase of the disease cycle were conducted in 1940-1941 
and 1941-1942 at Dokki using artificially infested grain. The smut spore 
loads added to the grain in 1940-1941 were: none, 0.001 gin., 0.01 gm., 0.1 
gm., 1 gm., and 10 gm. In 1941-1942 they were: none, 0.1 gm., 0.5 gm., 1 
gm., 5 gm., and 10 gm. per 1000 gm. of grain. Non-infested plots, 2x5 
meters, were used and each treatment was repeated six times. Table 3 
gives the results expressed as averages for six treatments. The data show 
that the incidence of the disease increases markedly with the increase of 
smut spore load on the grain. 

TABTjE 3 .—The flag smut infection in Hindi J) wheats infested with varying 
spore loads 


1940-1941 1941-1942 


Spore load Smutted plants per plot Spore load Smutted plants per plot 

per 1000 gm. -- per 1000 gm.-- 


of grain 

Av. No. 

Pet. 

of grain 

Av. No. 

Pet. 

None 

2 

0.3 

None 

68 

9.1 

0.001 gm. 

9 

1.3 

0.1 gm. 

252 

33.6 

0.01 gm. 

25 

3.3 

0.5 gm. 

349 

46.6 

0.1 gm. 

57 

7.6 

1.0 gm. 

404 

52.5 

1.0 gm. 

75 

10.0 

5.0 gm. 

580 

77.2 . 

10.0 gm. 

149 

19.9 

10.0 gm. 

615 

82.0 

* The grain was treated with a 
added. 

surface disinfectant before the flag smut spores were 
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Number of Waterings 

Infection takes place when germinating flag smut spores come in con¬ 
tact with recently germinated wheat seedlings. It is, therefore, doubtful 
whether the amount of water given to the soil during the growing period 
of the crop influences the incidence of the disease. An experiment in 
1941-1942 at Dokki tested the effect of this factor. Artificially infested, 
2x5 meter plots were used. They were similar except for different num¬ 
bers of waterings. Each treatment was repeated five times, and the results 
for each were averaged. 

With a single watering at sowing time there were 487 smutted plants 
in a plot or 64.9 per cent infection; and with two waterings the infection 
was very similar, 492 smutted plants or 65.6 per cent infected. A slight 
increase, 71.9 per cent or 539 smutted plants, occurred when three water¬ 
ings were given the plots. With four waterings, 67.2 per cent were smutted; 
and with five waterings, 69.3 per cent. The incidence of the disease was 
very high in all plots, and the number of waterings had no pronounced 
influence on the amount of infection. 

varietal RI’SISTANCE 

It has been noticed during the study of this disease that certain varie¬ 
ties of wheat were susceptible to flag smut, while other varieties were com¬ 
paratively resistant. An experiment at Dokki in 1941-1942 tested a num¬ 
ber of commercial varieties with reference to this point. Artificially in¬ 
fested, 2x5 meter plots were used, and each treatment was repeated six 
times. Artificially infested seed and the “Herati*^ sowing method were 
used. 

TABLE 4 .—The flag smut infection in eight commercial wheat varieties grown at 
Dolclci in 1941--1942 


Variety of wheat 

Smutted plants per plot 

Number 

Infection 

Per cent 

Baladi 116 

0 

0 

Baladi ‘‘Bouhi'^ 

0 

0 

Kazouria “Taliani^' 

0 

0 

Hindi ‘‘Abiad»» 

201 

26.8 

Hindi 62 ‘^Dahabi’^ 

242 

32.3 

Mabrouk ‘‘Giza 

272 

33.6 

Hindi D. 

325 

43.3 

Hindi Maarad. 

343 

45.8 


The data in table 4 show that the Hindi and the Mabrouk varieties are 
very susceptible to flag smut, while the Baladi and the Kazouria varieties 
are immune. 


USE OF FUNGICIDES FOR DISEASE CONTROL 

Norwood (12) found that dusting the seed-grain with copper carbonate, 
Tillatin E, or V.T. 685 was ineffective against flag smut in the case of 
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heavily inoculated seed-grain. Good control was obtained by steeping the 
seed-grain in 1.5 per cent copper su^bate solution for three minutes or in 
a 1:400 formalin solution for ten minutes. Miller and Millikan (8) ob¬ 
tained from 80 to over 90 per cent control with copper carbonate on seed 
more heavily inoculated than seed normally used by farmers. Dawson (1) 
dusted wheat seed, heavily inoculated with Urocystis tritici, with copper 

TABLE 5.— Flag smut infection in Hindi D wheat grown from seed treated with 
fungicides and in plots on infested and noninfested soil at Dokki in 1940-41 and 1941-^2 


Non-infested soil Infested soil 

Fungicide 1940-41 194]-42 1940-41 1941-42 


Smutted plants Smutted plants Smutted plants Smutted plants 
per plot per plot per plot per ^ilot 



No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

Control (not treated) . 
Flowers of sulphur 

95 

12.7 

439 

58.5 

129 

17.2 

645 

86.0 

5 gr./kilo seed 

40 

5.3 


. 

67 

8.9 



10 gm. 

Copper carbonate 

5.1 

7.1 

205 

27.3 

39 

5.2 

205 

27.3 

5 gm./kilo seed , .. 

45 

6.0 



33 

4.4 



10 gm. . 

Agrosan G» 

40 

5.3 

240 

32.0 

38 

5.1 

355 

44.0 

2.5 gm./kilo seed .. .. 

28 

.3.7 



44 

5.9 



5.0 gm. 

21 

2.8 

218 

29.1 

29 

3.9 

297 

39.6 

10.0 gm. 

Uspulum® 

32 

4.3 



19 

2.5 


... 

0.5 per cent. 

36 

4.8 



44 

5.9 



1.0 per cent. 

59 

7.9 



56 

7.5 



2.0 per cent . 

Germisan* 

32 

4.3 


. 

33 

4.4 



0.5 per cent. 

69 

7.9 

176 

23.5 

41 

5.5 

323 

43.1 

1.0 per cent. 

39 

5.2 



50 

6.7 



2.0 per cent. 

Copper sulphate 

56 

7.5 



40 

5.3 


... 

0.5 per cent . 

28 

3.7 

170 

22.7 

26 

3.5 

177 

23.6 

1.0 per cent. 

31 

4.1 


. ... 

33 

4.4 



2.0 per cent . 

Lime-Sulphur 

22 

2.9 



26 

3.5 


. 

0.5 per cent . 

201 

26.8 



117 

15.7 



1.0 per cent. 

114 

15.2 

274 

36.5 

194 

22.9 

316 

42.1 

2.0 per cent . 

Bordeaux mixture 

55 

7.3 


. 

48 

6.4 


. ... 

0.25 per cent . 

85 

11.3 


. 

101 

13.5 



0.5 per cent. 

45 

6.0 


. 

87 

11.6 


. 

1.0 per cent. 

Formalin 

48 

6.4 

287 

38.3 

45 

6.0 

335 

44.7 

0.5 per cent. 

21 

2.8 

124 

16.5 

19 

2.5 

132 

17.6 


» Mercury is the toxic ingredient of the fungicide. 

carbonate (2 02 . per bushel) or dipped the seed in 1.5 per cent solution of 
copper sulphate and then in lime-water and got 4.33 per cent infection in 
the dry treatment, 7.3 per cent in the wet treatment, and 21.6 per cent in¬ 
fection in the untreated controls. The copper sulphate treatment impaired 
the vitality of the seed, and it is not recommended. 

Two experiments were designed in 1940-1941 and 1941-1942 at Dokki 
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to determine the effect of certain fungicides in controlling the disease in 
Egypt. Artificially infested and noninfested plots, 2x5 meters, and arti¬ 
ficially infested seed were used. Each treatment was repeated four times. 

The following conclusions may be deduced from the data in table 5. 

The two lower concentrations of lime-sulphur definitely increase sus¬ 
ceptibility to disease. 

The lower concentration of Bordeaux mixture is not satisfactory. 

Flowers of sulphur, formalin, copper carbonate, Agrosan 6, Upsulun, 
Germisan, copper sulphate, and the higher concentrations of lime-sulphur 
and Bordeaux mixture gave partial control. 

There was more disease in plants on infested soil than in plants on non¬ 
infested soil. 

We also determined the effect of the different fungicides on germina¬ 
tion of the treated seed and growth of the seedlings. Formalin and the 
two higher concentrations of Germisan and copper sulphate had a bad ef¬ 
fect on seed germination and growth. The other fungicides had no harm¬ 
ful effect on the plants. 


SUMMARY 

Flag smut is distributed throughout Egypt. It reaches its nyiximum 
in Lower Egypt (the Delta) and, then, decreases gradually southwards 
until it becomes rare in Upper Egypt. The intensity of the disease varies 
from year to year. 

The loss caused by the disease in Egypt is small; it does not, usually, 
exceed 5 per cent, but under certain conditions it may become so destruc¬ 
tive as to cause a loss of more than 50 per cent. 

The plants of the early sowings are almost free from the disease; while 
those of the late sowings are badly attacked. Temperature appears to be 
the main factor responsible. 

' ^ Herat!sowing favors considerably the attack. Both depth of sow¬ 
ing and soil moisture at sowing play an important part in this connection. 
The seed is, usually, sown deeper in the ‘ ‘ Herat! method than in the 
‘‘Afir’’ method and the spores in the “ Herat!are usually subjected to 
presoaking for a period of 8-15 days before sowing, while those in the 
‘‘Afir’’ remain dry until sowing time, when the first irrigation is used. 
The disease increases with the increase in depth of sowing and with the 
presoaking of the spores before sowing. 

No promising control was evident in* manurial treatment of the soil. 
All manures tried increased the incidence of the disease. 

The amount of water given to the soil during the growing period of 
the crop has no influence on the incidence of the disease. 

The Hindi and the Mabrouk varieties of wheat are very susceptible to 
flag smut; while the Baladi and the Kazouria varieties are immune. 

Partial control of the disease with no harmful effect on germination of 
the treated seed and growth of the plants is given by the use of 0.5 per 
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cent Germisan, 0.5 per cent Upsulun, flowers of sulphur, copper carbonate, 
and Agrosan G. ‘‘Afir’* sowing, clean seed and soil, and early sowing 
are highly recommended. Cost of treatment with any of the recommended 
fungicides is very small and negligible. ✓ 

The incidence of the disease increases with tlie increase of smut spore 
load on the seed. 
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STEM-END ROT OP STRAWBERRIES 


Const. J. Alexopoulos and Donald Cation 
(Accepted for publication April 15, 1948) 

INTRODUCTION 

The study of various fruit rots of strawberries has eommanded the atten¬ 
tion of a large number of investigators wherever strawberries are grown and 
particularly in the United States. A number of organisms have been con¬ 
nected with the spoilage of the fruit in the field, in transit, and on the market. 
The most important of these, it is generally agreed, are various species of 
Botrytis of the cimrea type causing gray rot, and Bhizapus nigricans causing 
leak. Both diseases are considered serious in the United States (6,19, 26, 27, 
28), arid have also been reported from Canada (4, 9) and Australia (1, 22), 
while damage from Botrytis is important commercially also in Argentina 
(15), Germany (12), Japan (13), New Zealand (5), Norway (14), and Russia 
(24). A more thorough search of the literature would without doubt reveal 
many more reported instances of these organisms attacking strawberries in 
other parts of the world. y 

In addition to these two well known rots, tan rot {Pezizella lyfhri), hard 
rot {Rhizoctonia sp.), and leather rot (Phytophihora cactorum) are common, 
especially in the United States (6, 10, 20, 21, 28), though not so prevalent 
as the first two previously mentioned. Mycosphaerella fragariae, the well 
known cause of leaf spot, was found to cause “black seed’^ disease of straw¬ 
berries, particularly in Maryland and North Carolina according to Demhree 
and Wilcox (11) who first described this disease. - A Septoria, however, pre¬ 
sumably the conidial stage of ilf. fragariae, had been previously reported 
from England by Ogilvie in 1932 (17) as the cause of a hard rot of straw¬ 
berries. Finally, Sclerotinia sclerotiorum is listed on strawberry fruits in 
the United States (21), Didymella lycopersici has been reported (23) as at¬ 
tacking flowers and fruits as well as leaves and roots of strawberries in Eng¬ 
land, and Sclerotium rolfsii to cause a soft rot in Florida (16). Stevens and 
Peterson (25) described a fruit rot of strawberry which they found first in 
Louisiana in 1914, and which, they state, was later found to be very common 
on berries in the market at Urbana, Illinois. They described the causal 
organism, a pycnidial fungus, as Sphaeronemella fragariae. These seem to 
be the only organisms which have been associated with fruit rots of straw¬ 
berry. 

FIELD AND LABORATORY OBSERVATIONS 

In connection with some spraying experiments which had been started by 
the junior author, the strawberry plantation of Mr. Max Smith, near Law¬ 
rence, Michigan, was visited on July 2, 1947. A number of berries of the 
Robinson variety with disease symptoms were collected outside the experi¬ 
mental plots. Each was wrapped in newspaper separately, and placed with 
' 698 
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others in a paper sack. Upon return to the laboratory the same evening, the 
sack was placed in the refrigerator. 

On July 3, several of the berries were examined under the binocular dis¬ 
secting microscope in an attempt to diagnose the various rots symptomato- 
logically. Such diagnosis was verified when there was any doubt, by isola¬ 
tions from the diseased tissues. As the examination of the berries continued, 
it was noted that a comparatively large number had a brown discoloration 
accompanying a general dry rot which seemed to begin at the stem end. 
Further examination revealed the pycnidia of a fungus forming on the 
berries below the calyx. These pycnidia contained spores closely resembling 
those of Dendrophoma ohscurans, the cause of leaf blight. 

Up to July 7, fifty berries in all had been individually examined. Of 
these, 33 bore pycnidia. The prevalence of a fruit rot presumably due to 
Dendrophoma ohscurans was interesting, as the fungus, well known as the 
cause of leaf blight in many localities in the United States as well as in 
Argentina (8), and new South Wales (3), has never been connected with a 
fruit rot as far as the writers have been able to determine. Pycnidia of 
Dendrophoma were also frequently observed on living or dead calyces and 
on the dead peduncles of the berries under scrutiny. It appeared as though 
the infection was started in the field on the peduncles and entered the berry 
after killing the stem. 

The prevalence of Dendrophoma on the berries was emphasized when the 
examination of all the berries, 1215 in number, representing two pickings 
from six small experimental spray plots on Mr. Smithes plantation was com¬ 
pleted. The first picking took place on July 4, 1947, and the second on July 
7. These two pickings will be referred to as Lot I and Lot II, respectively. 

The usual well known rots were represented in these two lots. In ad¬ 
dition, a “stem-end rot’^ and a “soft roU’ neither of which showed any ex¬ 
ternal signs of a fungus, were found, as well as the “Dendrophoma roU’ 
characterized by the presence of the pycnidia. Because it was suspected 
that all three of these may be stages of the same disease, all berries were 
retin ned to their boxes after examination, each group separated by a layer of 
newspaper, and kept in the laboratory for examination at a later date. 

The initial examination of the fruit was completed on July 9 for Lot I, 
and July 10, for Lot II. On July 11 and 12 respectively, the two lots of 
berries were reexamined. As was suspected, it was found that a large num¬ 
ber of the fruits previously classified in the groups “stem-end rot’’ and “soft 
rot,” had developed pycnidia of Dendrophoma, 

A final examination of the berries affected with “stem-end rot” and “soft 
rot” on July 11 and 12, was made on July 14 (Table 1). 

Thus, 618 strawberry fruits out of 1215 picked and individually ex¬ 
amined, developed pycnidia of Dendrophoma, This represents 50.8 per cent 
of all berries picked, and 76.3 per cent of all diseased berries in the two lots. 
It is not improbable that the 48 berries which were still classified in the 
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“stem-end rot” and “soft rot” categories at the end of the observations, 
would eventually develop pycnidia. The seriousness of the disease in these 
plots is evident from the above figures. 

TABLE 1,— Incidence of fruit rot in two lots of Bobinson strawberries picked July 
'J and 7, 1947, respectively, near Lawrence, Michigan 


(k)iidition of herrieB 


Lot I 

* 

July 10 

Lot TI 

July 1 

July 9 

July 11 

July 14 

July 12 

Sound . 

239 

239 

239 

171 

171 

171 

Pycnidia of Dendrophoma . 

87 

272 

289 

159 

292 

329 

‘ ‘ Stem-end rot' ’. 

161 

32 

16 

6.3 

11 

3 

‘‘Soft rot’’. 

69 

15 

14 

125 

44 

15 

Gray rot (Botrytis sp.) . 

36 

36 

36 

30 

30 

30 

Tan rot {Pezizella) . 

14 

14 

14 

52 

52 

52 

Leather rot (Phytophthora) 

5 

5 

5 

1 

1 

1 

Leak {Bhisopus) . 

1 

1 

1 

0 

0 

0 

Blue mold (Penicillium) . .. 

1 

1 

1 

1 

1 

1 

Total. 

613 

615« 

615a 

602 

602 

602 


* Two berries having both Dendrophoma pycnidia and Botryiis conidiophores, are 
included twice. 


THE DISEASE 

Stem-end rot of strawberries appears to invade the fruit from infected 
l)eduncles. The most typical symptom is a brownish discoloration of the 
upper part of the berry, at first under the calyx, accompanied by a softening 
of the tissues. The softening of the tissues eventually spreads to the whole 
fruit giving rise to a general soft rot. The berry gradually begins to shrivel, 
the portion beneath the calyx drying and often developing into a depression. 
Pycnidia of Dendrophonui ohscMrans develop under the epidermis, become 
erumpent and exude large (piantities of ])ycnidiospores from the ostiole. 
The pycnidia are at first hidden from view by the calyx lobes but later 
develop on other parts of the berry as well. The fruit eventually mummifies. 

IDENTIFICATION OP THE ORGANISM 

Upon tentative identification of the organism as Dendrophoma ohscurans, 
strawberry leaves of the Dunlap variety with typical symptoms of Dendro¬ 
phoma leaf blight were collected at East Lansing, Mich., brought to the lab¬ 
oratory, and placed with their petioles in water under a bell jar. A few 
days later they were examined for pycnidia. Many pycnidia were found 
which answered the description of ohscurans. Conidiophores and spores 
from leaves, berries, calyces, and peduncles, corresponded closely; pycnidia 
on leaves, however, tended to be small and dark. Pure cultures obtained 
by transferring pycnidiospores from berries, leaves, and calyx lobes, to 
maltose agar, and from plantings of diseased berry tissue taken from the 
inside of berries as far away as possible from the location of the pycnidia, 
were in all ways similar. All produced pycnidia and pycnidiospores iden¬ 
tical with those on various parts of the host. 
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THE PERITHECIAL STAGE 

Of various cultures on maltose agar inoculated on July l^^om the berries 
picked on the previous day, one labelled S6 proved particularly interesting. 
Diseased tissue from a berry on which no exterij^ signs of a fungus were as 
yet evident, but which exhibited symptoms of stem-end rot, had been planted 
on five places in a Petri dish containing maltose agar. Of the five colonies 
developed, one gave rise to typical sporodochia of Pezizella lythri, while the 
other four eventually developed round, black fruiting bodies with long beaks. 
On July 17, one of these structures gave forth, when crushed, a large number 
of imfnature asci. Pycnidia interspersed among the perithecia contained 



Fig. 1. Three single pycnidiospore cultures (A, B, and C) of Dendrophoma oh- 
acAiranSy on corn meal agar, isolated from (A) strawberry leaf with typical symptoms of 
leaf blight, (B) infected strawberry calyx, and (C) infected strawberry fruit. Note band 
of perithecia among the pycnidia in (A) and in (D) which is an enlarged view of (A). 
Subsequent transfers on corn meal agar from (B) and (C) also produced an abundance 
of perithecia. Photographs by F. C. Strong. 

pycnidiospores typical of Dendrophoma ohscurans. The connection between 
the two stages appeared probable. Six other isolations from different ber¬ 
ries yielded pure cultures of D. ohscurans, with an abundance of pycnidia, 
but no other stage except a single black fruiting body with two long beaks, 
similar to the perithecia in culture S6, buried in the agar of culture S15. 

On the same day, beaked structures similar to those found on agar, were 
discovered on the calyx of a berry which had been kept in a moist chamber 
for approximately two weeks. Under the binocular dissecting microscope, 
black, bristle-like structures, the beaks of perithecia buried in the calyx 




702 


I^HYTOPATHOLOGY 


[VOL. 38 


tissue, were seen protruding through the epidermis. The globose base was 
easily dissected out of the host tissue and when crushed in water under a 
cover glass gave forth an oil exudate together with some cellular matter 
indicating the beginning of ascus formation. On the following day, more 
perithecia were found on the calyces and peduncles of berries which had 
been kept in the refrigerator, wrapped in paper since July 2. Definite asci 
with immature spores issued from one that was crushed. Later in the season 
(Sept. 9), fully mature ascospores were found in perithecia that had devel¬ 
oped on the strawberries in a moist chamber. All berries, on the calyces of 
which perithecia were found, were heavily infected with Dendrophoma 
abscurans, as evidenced by the abundant pycnidia at the stem end. Pycnidia 
were also invariably associated with the perithecia on the calyces and the 
peduncles. 



Pio. 2. Perithecia of Gnomonia sp., the perfect stage of Dendrophoma ohscurans, 
on com meal agar, x 69. Photograph by F. C. Strong. 

Anderson (2) who searched leaves diligently for the perfect stage of 
Dendrophoma obscurans from September to May, failed to find it. He sug¬ 
gests that since the conidia are able to overwinter, a perfect stage would not 
be necessary for the survival of the fungus. The writers have not searched 
for perithecia on leaves. The only perithecia found in the field were col¬ 
lected on July 21 on the calyces and peduncles of two small, mummified 
berries in a Dunlap strawberry patch in East Lansing. 

Several single pycnidiospores were now isolated from leaves, calyx lobes, 
and berries, in an attempt to obtain proof of the connection between Dendro¬ 
phoma obscurans and the new ascomycete. The colonies resulting from all 
of these were in all respects similar. On July 24, transfers were made to 
corn meal agar slants and stored away. When they were examined on 
September 10, both perithecia and pycnidia had been formed abundantly 
by two cultures, DL2.2 and DL4.2, both derived from single pycnidiospores 
isolated from leaf tissue. The pycnidia were scattered over the slant, but 
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the peritheeia were erowded together forniin*^ a black band at the base of the 
slant (Fig. 1, 2).^ All other slants had produced pycnidia but no peritheeia. 
Subsequent transfers from cultures originally isolated as single pycnidio- 
spores from calyx, berry, and leaf, have produced an abundance of mature 
peritheeia on corn meal agar in Petri dishes (Pig. 2). No peritheeia have 
^ver been found on the few cultures on potato-dextrose* oat, plain (nutrient), 
or maltose agar, with the exception of the two plates of S6 and S15 on 
maltose, previously mentioned. This experience explains w^hy Anderson 
(2), who worked with oat agar, failed to produce the perfect stage in culture. 
Experiments are in progress to determine the factors alfecting perithecial 
production. 

In old Petri-dish cultures containing peritheeia, the ascospores are re¬ 
leased from the peritheeium through the long, beaked ostiole, in a droplet of 
liquid which either remains as a glistening droplet at the tip, or rolls part 
way down, often forming a collar around the nock. Pure cultures were 
easily obtained by touching a sterile platinum needle to the droplet con¬ 
taining ascospores, and transferring them on agar. Such cultures gave an 
abundance of pycnidia of Dendrophoma ohscAirans on potato-dextrose, and 
oat agar, and the colonies were indistinguishable from those derived from 
pycnidiospores planted at the same time on the same types of media. 

The cultural experiments, deseribed above, are offered a>' evidence of the 
connection between Dendrophoma ohscuram, and the perithecial stage herein 
discussed. 


CLASSIFICATION OP THE PERFECT STAGE 

The characters of the perithecial stage, place the organism in the genus 
Onomonia of the Gnomoniaceae in the Sphaeriales. The black, globose peri- 
thecia, are deeply buried in the host tissues from which their long necks 
project; the walls are more or less leathery; there is no stroma. Asci are 
formed, but when the spores mature, the ascus wall deliquesces and the asco¬ 
spores are released in a droplet of liquid through the ostiole. When peri- 
thecia containing mature or very nearly mature ascospores are crushed, the 
spores released cling together in the same position in which they were formed 
in the ascus, but no ascus wall can be demonstrated. Application of pres¬ 
sure on the cover glass will cause the ascospores to separate. They do so 
wifti difficulty, however, because they are held together in a viscid matrix. 

The ascospores are one-celled at first, but a septum develops by the time 
they are released from the peritheeium, dividing them into two unequal cells. 
The spores are curved. They are characterized by five to seven rather large 
refractive droplets, the presence of which makes it difficult to distinguish the 
septum. Most spores examined had three of these droplets in each cell. Old 
spores become highly vacuolated. 

Peritheeia from corn meal agar measure 236-545 /a in diameter, the 

1 The writers are indebted to Professor F. C. Strong of the Department of Botany 
and Plant Pathology, Michigan State College, for the photographic work in connection 
with this investigation. 
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length of the neck varying from 600 /* to 1455 /i. Ascospores from the same 
source, measured 7-11.5 x 2-3 /i. The species of Onomonia to which the 
fungus belongs has not been determined as yet. Studies of the fungus in 
culture, as well as host inoculation experiments are in progress and will be 
reported as soon as sufficient data are on hand. 

DISCUSSION 

The perithecial stage of Dendrophoma ohscurans, as reported herein, ap¬ 
pears to be very similar to that of Zythia fragariae, the cause of strawberry 
leaf blotch found in England by Wormald (29). Strawberry leaf blotch 
was described in 1941 by Wormald and Montgomery (31, 32) and was at 
that time ascribed to Phyllosticta grandimaculans Bubak and Krieger (7). 
In spite of the great resemblance, neither Bubak nor Fetch (18) who identi¬ 
fied Wormald’s fungus as Zythia fragariae Laibach {Phyllosticta grandi¬ 
maculans B & K), mentioned any resemblance to Dendrophoma ohscurans 
(E & E) Anderson. Nor does Wormald mention the American fungus 
which he obviously considers distinct. With similar perfect stages dis¬ 
covered for the two organisms, a comparison of material from England and 
America should prove interesting. It is of further interest to note that 
Sphaeronemella fragariae St. et Pet., found on strawberries by Stevens and 
Peterson (25) is also a pycnidial fungus and that it has many characters in 
common with both Zythia fragariae and Dendrophoma ohscurans. Accord¬ 
ing to the description, it differs from these two chiefly in the size of the 
pycnidia—an admittedly variable character—and in the fact that its conidio- 
phores are described as simple. Simple as well as branched conidiophores, 
however, are described for Zythia fragariae by* Wormald, and are common 
with our fungus. Although Stevens and Peterson grew their organism oh 
corn meal agar, no perithecial stage was reported. 

In his discussion of Dendrophoma leaf blight of strawberry, Anderson 
(2) states: ‘‘While the disease causes serious loss of functioning leaf tissues, 
it is not considered of sufficient economic importance to warrant spraying 
or other expensive control measures.’’ The same opinion is expressed by 
Demaree (10). If further observations show that stem-end rot of straw¬ 
berries is as severe elsewhere as it was determined to be in the small experi¬ 
mental plots near Lawrence, Mich., and as it was observed on Dunlap ip East 
Lansing in 1947, it may be very much worthwhile economically to devise 
control measures for this disease. 


SUMMARY 

A disease described as stem-end rot of strawberries, presumably caused 
by Dendrophoma ohscurans^ the cause of strawberry leaf blight, was found 
to cause severe damage to strawberry fruits in some plots under observation 
near Lawrence, Michigan, in 1947. As much as 50.8 per cent of all fruits 
picked from six small experimental plots were affected. The organism 
isolated from fruits, calyces, and peduncles of diseased strawberries yielded 
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colonies and fruiting bodies on agar indistinguishable from those produced 
by isolations of Dendrophoma from typical leaf blight lesions. 

A perithecial stage assigned to Gnomonia was discovered on agar and 
on calyces and peduncles of strawberries in association with the pycnidia 
of Dendrophoma obscurans. Pycnidiospore plantings on agar yielded peri- 
thecia, and ascospore sowings yielded pycnidia. The species to which the 
perfect stage belongs has not been determined as yet. 

The similarity between Dendrophoma obscurans and its perfect stage 
on the one hand, and Zythia fragariae and its Gnomonia perfect stage in 
England on the other, are briefly discussed. 

Department of Botany and Plant I^atiiology, 

Michigan State College, 

East Lansing, Michigan. 
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TWO INTERESTING LEAP SPOTS OP PIG 

E. C. Tims and L. S. Olive 
(A ccepted for publication April 20, 1948) 

INTRODUCTION 

In September, 1939, a very conspicuous leaf spot was observed on a 
fig tree {Ficus carica), Celeste variety, in southern Louisiana. During the 
summer and fall of the following year, it was observed in two other locali¬ 
ties. In 1942, the same disease was found in several widely scattered loca¬ 
tions in the State. The first infections were found late in the season and 
were apparently of little importance, but in 1942, a small group of heavily 
infected fig trees bearing immature fruit was found near Baton Rouge in 
early July. These trees were partially defoliated and quite unsightly in 
appearance. Since this leaf spot was apparently different from any pre¬ 
viously described on fig, it was investigated further. The disease was des¬ 
ignated as “ Cephalosporium leaf spot^’ (6). 

About the same time that the Cephalosporium spot was found, another 
very similar leaf spot was observed on fig trees in the same localities. The 
spots were so similar in general appearance that at first they were consid¬ 
ered to be due to the same fungus. Later observations indicated, however, 
that the second spot was somewhat different from the one caused by Ceph¬ 
alosporium, The fungi associated with the two leaf spots were entirely 
different. 

The two leaf spots developed at about the same time, usually in July or 
early August, often on the same tree and occasionally on the same leaves. 
The Cephalosporium spots could be distinguished by the presence of cot¬ 
tony white tufts of a fungus on the lower surface, while the lower surface 
of the spots of the second disease had a smoky, brownish gray fungus 
growth in the center surrounded by a ring of white mycelium. 

Apparently neither of these leaf spots on fig had been previously de¬ 
scribed. A ‘‘zoned” leaf spot of coffee associated with Cephalosporium sp. 
was reported by Fawcett (2) from Puerto Rico in 1915. In its early stages 
the spot illustrated in his paper is similar in appearance to the one on fig. 
Fawcett isolated the causal fungus and reproduced the disease with pure 
cultures of the Cephalosporium. Later Abbott (1) reported a zonal leaf 
spot of coffee in Peru which he attributed to Cephalosporium. Neither of 
these workers gave a specific name to the fungus. 

The two new leaf-spots of fig are described in this paper and their 
causal organisms are named. 

THE CEPHAUOSPOBIUM SPOT 

(Fig. 1, A and B; Fig. 2, A-D) 

Symptoms 

The small, circular, brown spots first appear on the upper surface of the 
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leaves. As they enlarge a series of irregular concentric rings is formed, 
light brown bands of dead tissue alternating with darker brown rings. 
The spots may enlarge to form as many as a dozen rings. The centers of 
the spots often fall out, giving the leaves a ragged appearance. Soon 
after the spots appear, the characteristic small fluffy, cottony, white tufts 
of mycelium develop on the lower surface in large numbers. These cottony 
tufts are made up of cords of hyphae that have surrounded the leaf hairs. 
The small cephalosporia (heads) with numerous small, hyaline, single- 
celled conidia are produced on slender phialides projecting from the cords 
of hyphae (Fig. 2, B-D). The white tufts persist on the lower surface 
of the spots until the dead areas collapse and fall out. A typical infected 
leaf is shown in figure 1, A and B. 

Technical description 

Cephalosporium fici sp. nov. 

Maculis manifestis, 1-6 cm. diametro, in superficie superiori zonatis, 
auctione subalba plumosaque in superficie inferiori tectis. Hyphis per 
partes superiores pilorum folii se glomerantibus ut funes hypharum fiant 
qui phialides in ipsis vel in ramis brevibus lateralibusque efficiant. Phiali- 
dibus gracilibus, septum in basibus frequenter atcpie septum unum vel duo 
supra habentibus, 2.4~4.0 x 34^99 /t. Conidiis singulis in apicibus phiali- 
dura effectis, se in globos 6.9-12.2 /i diametro glomerantibus; conidiis ovatis 
usque ad forman cylindricam, rectis vel subcurvatis solam ccllulam hyali- 
nam, 1.9-4.5 x 3.8-10.4/x mediis inter maximum miniihumque 3x6 ja, ha¬ 
bentibus. 

Parasiticum in folds, Fici caricae. 

Spots very conspicuous, 1-6 cm. in diameter, distinctly zonate on the 
upper surface of the leaf, with light brown bands of dead tissue alternating 
with more narrow and darker brown rings, lower surface covered with a 
whitish fuzzy growth of the fungus and densely stippled with white dots 
where the sporulating cords of hyphae have climbed the leaf hairs; dead 
parts of the leaf spots frequently falling out. 

Internal mycelium intercellular, hyaline, giving rise to the external 
mycelium through the stomates, the external mycelium hyaline, hyphae 
climbing the leaf hairs and massing together along the upper portions of 
the trichomes to produce compact cords of hyphae, measuring 18-55 x 250- 
400/x, giving rise to phialides directly or from short lateral branches. 
Phialides slender, tapering gradually towards the apex, each phialide fre¬ 
quently cut off by a cross wall at its base, 1-2-septate or non-septate above, 
measuring 2.4-4.0 x 34-99 /x. Conidia produced singly at the tips of the 
phialides but aggregating into globose masses measuring 6.9-12.2 /x in 
diameter, conidia oval to cylindrical, straight to slightly curved, 1-celled, 
hyaline, measuring 1.9-4.5 x 3.8-10.4 /x, averaging 3 x 6 /x. Parastic on 
leaves of Ficus carica; B. C. Tims, ^chriever, Louisiana; September 17, 
1947. 
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Fig. 1. The two leaf spots of fig. A and B, Cephalosporium fid; C and B, Orm<i- 
thodium fid. A, upper surface; B, lower surface of the same leaf, natural infection. 
C, upper surface of the Ormathodium spot, natural infection; D, a view of the lower 
surface of an artificially infected leaf. 

Cultural characters 

Cepkalosporum fici was isolated from typical lesions on fig leaves, both 
by tissue transfers and spore dilutions. The fungus grew well and pro¬ 
duced numerous spores on several culture media. On Czapek’s agar 
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growth was white, becoming slightly pink as the cultures aged. Dense, 
raised, cottony masses of mycelium developed on this agar. On water agar 
growth was appressed, with practically no aerial mycelium. The fungus 
produced characteristic large ropes of hyphae on string bean agar. One 
of the smaller cords of hyphae with whorls of phialides is shown in figure 
2,.D. Conidia were borne in heads on slender tapered phialides (Fig. 2, 
A). They were similar in size and shape to the conidia taken directly 
from diseased fig leaves. 

Taxonomy 

When the fig leaf spot was first observed (6), the causal fungus was 
thought to be Cephalosporium acremonmm (Corda). Later examination, 
however, showed that the fig fungus differed in some respects, notably in 
spore size, from the type C. acremonium avssociated with the black-bundle 
disease of corn. Reddy and Holbert (4) made a study of C. acremonium 
in which they discussed the literature rather thoroughly. The spore meas¬ 
urements and illustrations of spores of C. acremonium as given by these 
writers are distinctly different from those of the fig fungus. The fig 
Cephalospof'ium resembles C. carpogei\um Riiehle as described by him (5), 
but again there are important differences in the size of conidia as well 
as the size of phialides. 

The Cephalosporium causing the leaf-spot of fig is apparently different 
from any previously described species. For this reason and also in view 
of the fact that no species of Cephalosporium or morphologically similar 
fungi have been previously reported on Ficus carica, the writers consider 
it best to regard this as a new species. 

Pathogenicity 

Mature fig leaves on orchard trees were successfully inoculated in two 
ways during the summer months: (1) by spraying them with spore sus¬ 
pensions, and (2) by placing small pieces of a bean pod culture of the 
fungus on the lower leaf surface. After the latter type of inoculation, 
the leaves were wrapped in moist paper and covered with paper bags to 
hold in the moisture for 24 to 48 hours. During periods of warm, wet 
weather in July or August, symptoms appeared on leaves inoculated by 
each of the above-mentioned methods within 4-6 days, and the spots en¬ 
larged rapidly, reaching a diameter of 3-5 cm. within two weeks. The 
centers of such spots often fell out, leaving ragged, irregularly shaped 
holes in the leaves similar to those observed in naturally infected leaves. 

Apparently most infection takes place through the lower surface of the 
leaves, although occasionally infection was produced by inoculating the 
upper surface. Within a week after infection, the small white fruiting 
structures of the fungus were observed on the lower surface of the leaf. 
Pure cultures of the Cephalosporium were reisolated by making spore dilu¬ 
tions from such material. 

Primary inoculum probably comes from old infected leaves on tho 
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ground, since the first infected leaves are invariably those nearest the 
ground. Early in the summer of 1940 some inoculations were made with 
Cephalosparium fici on a small isolated group of fig trees several miles 
away from any known Cephalosporium-infected trees. Later in the season 
the fungus spread to other trees nearby. Natural infection occurred on 
all the trees in the group the following summer. 

THE ORMATIIODIUM SPOT 

(Fig. 1, C and D; Fig. 2, E-J) 

Symptoms 

The spots vary from 1 'to 8 cm. in diameter and are roughly circular. 
They first appear as small round, dark brown lesions that gradually en¬ 
large, forming definite concentric rings on the upper surface of the leaf 
(Fig. 1, C). The older portions of the spots fade out and soon become 
papery white. There may be from 2 to as many as 12 concentric rings 
formed in a single spot, the older rings in the center becoming almost per¬ 
fectly white with age. The outer ring may vary from light browm to a 
very dark brown. The dark outer rings usually appear when the spots are 
young and growing rapidly. In the old spots the white papery centers 
often fall out and leave ragged holes in the leaves. 

The lower surface of the spots also has a characteristic appearance (Fig. 
1, D). The centers are usually brown in the younger spots, with distinct 
whitish borders where the fungus mycelium is developing on the surface. 
The brown center with the white mycelium around the border is character¬ 
istic of this leaf spot. As the spots become older the smoky-grayish brown 
masses of conidia and conidiophores of the causal fungus usually appear 
in the centers. Microscopic observation reveals the presence of numerous 
septate and much-branched conidiophores bearing curved, septate conidia 
(Fig. 2, E-Q). This development of conidia does not always occur, but 
when moisture is plentiful they are usually found. Some fig trees have 
been observed throughout an entire season with numerous spots on the 
lower leaves, but few conidia were produced on any of them. 

The spots seldom appear on the fig trees in south Louisiana before early 
July and are usually not conspicuous until later in the summer. They 
generally show up on the very lowest leaves and seldom appear on the 
upper half of the tree. The disease was very conspicuous on some of the 
affected fig frees in late August. Practically all the lower leaves had from 
one to several of the large spots on them. 

TeQhmcal description 

Ormathodium iici sp. nov. 

Maculis magnis, brunneis, aliquanticulum concentrice zonatis. Mycelio 
intra folium inter cellulas sito, hyalino; mycelio externo subbrunneo, 

4.5 fi diametro. Conidiophoris subbrunneis, ramosis, multiseptatis, nodos 
manifestos habentibus, in quibus conidia feruntur. Ilia 3-4 x 135-240 /i 
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semi-erecta et pila foliorum circumplectentia praecipue se sustenent. Co- 
nidiis paucis vel multis in racemis ad apices conidophomm ac a latere in 
nodis per typum effectis, singulis exsistentibus aut in seriebus brevibus duo 
vel tria numero continentibus, cylindricis vel clavatis, rectis usque ad for- 
mam perspicue curvatam, subbrunneis, 1-5 (-7) septatis, levibus vel per 
occasionem minute verruculosis 3.4^5.2 x 13.9-29.6 /i, hila minuta in finibus 
proximis gereiitibus, potestatem tubuli germinum e quaque cellula efficiendi 
habeiitibus. 

Parasiticum in foliis Fici caricae. 

Spots large, brown, appearing somewhat concentrically zoned on the 
upper leaf surface and covered with a grayish fuzzy growth of the fungus 
on the lower surface, dead parts of the lesions frequently falling out. My¬ 
celium within the leaf intercellular, giving rise to the external mycelium 
through the stomates; external mycelium light brownish, 2-4.5 jx in diam¬ 
eter. Conidiophores arising chiefly from the external mycelium, brownish, 
branched, multiseptate, with conspicuous nodes on which the conidia are 
typically borne in groups, scmi-erect and supporting themselves mainly by 
twining around the leaf hairs, measuring 3-4 x 135-240/i. Conidia typi¬ 
cally produced in clusters of few to many at the tips of the conidiophores 
and laterally on the nodes, arising singly or occasionally in short series of 
2-3, leaving minute wart-like scars at the points where they are shed from 
the nodes, cylindrical or clavate, straight to distinctly curved, light brown¬ 
ish, 1-5-(rarely up to 7-) septate, the majority 3-septate, smooth or occa¬ 
sionally becoming minutely warted, measuring 3.4-5.2 x 13.9-29.6 ft, pos¬ 
sessing a minute hilum at the proximal end, producing a germ tube from 
any cell. 

Parasitic on leaves of Ficus carica; E. C. Tims, Schriever, Louisiana; 
September 17, 1947. 

Cultural characters 

Ormathodium fici was isolated by making spore dilutions with string 
bean agar. The conidia germinated rather slowly at room temperature. 
The germinating spores were picked up from the culture plates and trans¬ 
ferred to agar slants. Numerous attempts were made to isolate the fun¬ 
gus from small pieces of fig leaf with mycelium attached, but without suc¬ 
cess. 

The fungus grew slowly on agar media. Colonies grown at 28°-32° C. 
for 38 days on oat meal agar were about 5 cm. in diameter. Growth was 
somewhat faster at 22°-25° C, The aerial mycelium was almost pure 
white. But the colonies on oat meal agar were light to dark brown. 
Sporulation was very sparse on most culture media. Occasionally conidia 
were observed in short chains of 2 or 3. Many cultures failed to produce 
conidia during several months of growth on a number of different media. 
Some sporulation occurred on water agar plates (Fig. 2, H-J). Certain 
strains of the fungus that produced no conidia in culture proved to be 
parasitic on fig leaves, where normal sporulation took place. 



714 


Phytopathology 


[VoL. 38 


Taxonomy 

The genus Ormathodium was erected by Sydow (1928) to accommodate 
a parasitic Dendryphium-like fungus. As was recently pointed out by 
one of the writers (3), Dendryphiiim was founded on a saprophytic species 
and practically all species placed in the genus since then have been sapro¬ 
phytes. WS^S^endryphium and Ormathodium are dematiaceous genera 
characterized by cylindrical, several-septate conidia borne in chains or 
sometimes singly on branched conidiophores. Ormathodium is distinct 
primarily in its decidedly parasitic nature. 

The new species on fig leaves has a large percentage of its conidia borne 
singly on the conidiophores, but conidia are also occasionally found in short 
chains of 2-3 on the leaves and more frequently so in the cultures. The 
fungus might fit just as well into the genus Bendryphiella, which has co¬ 
nidia borne singly on nodes of the conidiophores, but this genus was erected 
to accommodate a saprophytic species. The writers are aware of the fact 
that genera cannot always be adequately separated on the basis of para¬ 
sitism and saprophytism. Nevertheless, it is believed that these factors 
should be employed in the taxtonomy of Fungi Imperfecti wherever they 
can be used to advantage. The new species is therefore included# in the 
genus Ormathodium, at least until a better system of classification for this 
groijp of fungi has been devised. - 

The present fungus in many respects resembles Ormathodium ambrosiae 
Olive (3), recently described as a parasite on leaves of Ambrosia trifida in 
Louisiana. The latter species is characterized by the presence of very 
similar conidiophores supported by the leaf hairs and by having 1-5-sep- 
tate conidia borne singly or in short chains of 2-3. Other characters, 
such as symptom^,, cultural characteristics, and conidial size, show that 0. 
ambrosiae is distinct from the species on fig leaves. A search through the 
literature has failed to reveal any parasite of the fig with characters of 
the present fungus. 

Pathogenicity 

Inoculations were made on fig leaves in the following manner. The 
fungus was grown on oat meal agar slants for about 3 weeks, after which 
the agar and fungus were macerated and made into a paste with the addi¬ 
tion of sterile water. Small amounts of this material were placed on the 
lower surfaces of fig leaves, which were.kept moist for 48 hours. Typical 
spots developed in 10 days to 2 weeks. The leaf shown in figure 1, D 
was inoculated by this method. The fungus reisolated from such spots 
was identical with the original isolate. 

Another method of inoculation was as follows: Small sections of natu¬ 
rally infected leaf tissue with the fungus growing on them were attached 
to the lower surface of healthy fig leaves. The fungus soon grew fr^m 
the diseased leaf tissue onto the healthy leaves, causing typical spots. AU 
of the inoculations were made on fig trees growing out in the open during 
late summer months when conditions were favorable for infection. ^ 
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SUMMARY 

Two rather conspicuous leaf spots of fig are described and their causal 
fungi named. Cephalosporvum fici nov. sp. causes a large concentric ring 
spot with white cottony tufts of my'celium and conidia on the lower surface 
of the leaf. Ormathodium fici nov. sp. produces a somewhat similar spot 
with grayish-brown fungus growth and a definite white border on the lower 
leaf surface. Both fungi when inoculated onto healthy fig leaves produced 
the diseases in typical form. 

The writers are grateful to Dr. P. G. Moorhead, Head of the Depart¬ 
ment of Classical Languages, for his preparation of the Latin diagnoses. 

Specimens of both of the above described species have been placed in 
the mycological collection of the United States Department of Agriculture, 
Beltsville, Maryland, and in the mycological herbarium at Louisiana State 
University, Baton Rouge, Louisiana. 

Louisiana State University, 

Baton Rouge, Louisiana. 
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PHYSIOLOGIC SPECIALIZATION IN GUIGNARDIA BIDWELLII, 
CAUSE OP BLACK ROT OP VITIS AND PARTHENO- 
CISSUS SPECIES^ 

E. 8. Luttrell2 

(Accepted for publication April 16, 1948) 

A disease of Virginia creeper {Parthenocissns quinquefolia (L.) 
Planch.), known as black-rot leaf spot, has been recognized for many years. 
Stevens and Hall (6) mentioned it briefly in 1921, and in 1924 Burger (1) 
noted its occurrence in Florida. A similar disease was reported on Boston 
ivy (Parthenocissus tricmpidata (Sieb. and Zucc.) Planch.) in the District 
of Columbia by Edson (2) in 1937. The pathogen associated with each of 
these leaf spots has been considered to be Guignardia bidwellii (Ell.) 
Viala and Ravaz, the fungus that causes black rot of grapes. 

During the past three years black rot has been observed on both Vir¬ 
ginia creeper and Boston ivy at several locations in Georgia. Attention 
was centered on this disease by the complaint of a local nurseryman that 
muscadine grape stock had been refused certification because of the pres¬ 
ence of black rot on Virginia creeper vines adjacent to his vineyard, this 
being considered a possible source of inoculum for the muscadine grapes. 
In view of the results of a previous study (3) which demonstrated that 
cross infection could not be obtained with Otiignardia bidwellii on native 
bunch grapes and on muscadine grapes, it seemed unlikely that the fungus 
on Virginia creeper would serve as a source of inoculum for the disease on 
muscadine grapes. The investigations described here, therefore, were con¬ 
cerned chiefly with this problem. This report contains the results of cross 
inoculation experiments with the black-rot fungus on bunch grapes, mus¬ 
cadine grapes, Virginia creeper, and Boston ivy, and also includes a few 
notes on the black-rot disease on the latter two suscepts. 

THE DISEASE 

The symptoms of black rot on bunch grapes have been described pre¬ 
viously by Reddick (4) and on muscadine grapes by Luttrell (3). It may 
be recalled that on bunch grapes black rot is primarily a disease of the 
fruit that results in the mummification of the infected berries. It also 
produces brown spots on the leaves and black cankers on the stems. On 
muscadine grapes it is primarily a disease of the vegetative parts charac¬ 
terized by severe leaf spotting and cankers of the stems and peduncles. It 
rarely occurs on the fruit of resistant varieties; and, even on susceptible 
varieties, it usually causes only superficial scabs and cankers. It should 
be noted that the question of whether this difference in symptoms may be 

1 Paper No. 176, Journal Series, Georgia Experiment Station, Experiment, Georgia, 

1 am indebted to Dr. B. B. Higgins, Georgia Experiment Station, and Dr. C. M. 
Tucker, University of Missouri, for their criticisms of the manuscript and to Mr. Miller 
Thompson, Conyers, Georgia, for furnishing material on several occasions. 

2 Present address: Botany Department, University of Missouri, Columbia, Missouri. 
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attributed to a difference in the suscept or to a difference in the pathogen 
has not been answered. Since the European vinifera grape is susceptible 




Fio. 1. A. Black rot spots on leaves of Virginia creeper, at the left from the upper 
surface, at the right from the lower surface; x 1/2. B. Black rot spots on leaves of 
Boston ivy, the leaf on the left from the lower surface, the two on the right from the 
upper surface; x 1/3. 

to Chiignardia hidwellii from both sources, it should be possible to det^r- 
mine this point by inoculating vinifera grape berries with the pathogen 
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from both native bunch grapes and muscadine grapes. Unfortunately, 
mature vinifera grape vines have not been available for this purpose. 

The black-rot disease of Virginia creeper and Boston ivy is similiar to 
that of muscadine grapes in that it is chiefly a disease of the foliage. The 
leaf spots on Virginia creeper are relatively small, varying in diameter from 
3 to 5.5 mm. Generally they do not coalesce, and in natural infections they 
have not been observed to result in the necrosis of areas of the leaf blade 
distal to the infected tissue. The spots are dark brown and are surrounded 
by a broad purplish-black border which merges with the brown center (Pig. 
1, A). Pycnidia are produced sparingly on both surfaces of the spots. 
Brown cankers may sometimes form on the petioles. On Boston ivy the 
spots are larger, varying in diameter from 5 to 9 mm. They often coalesce 
and, when the veins are involved, may result in the death of large areas of 
the leaf beyond the infected tissue (Pig. 1, B). The spots are tan to brown 
and are surrounded by a narrow purplish-black border. Tlie centers of 
older spots are often buff-colored. Pycnidia are produced abundantly on 
both surfaces of the spots. Brown to black cankers are formed on the 
petioles and on the peduncles of the influorescences. Severe cankers may 
result in the death of entire leaves, but blight of the inflorescences has not 
been observed. 

Infection of the fruit has been found once on Virginia creeper. Small, 
brown, superficial, leathery lesions bearing a few pycnidia were present on 
the infected berries. These symptoms are similar to those on muscadine 
grape berries. Stem lesions have not been observed on either plant in the 
field. 

Black rot has been found on both wild and cultivated vines of Virginia 
creeper at both GrifiBn and Tifton, Georgia. Usually infection is moderate 
and the leaf spots produced are small. Consequently, the disease is of 
minor importance and causes little damage even to the appearance of the 
vines. It has been found on Boston ivy at Griffin and at Atlanta, Georgia, 
and specimens of diseased leaves have been received from Acworth, Georgia. 
It is often severe, especially in the spring when nearly all the leaves may be 
infected and considerable defoliation may result. Since Boston ivy is 
grown as an ornamental, black rot is important chiefly because of damage to 
the appearance of the vines. 


INOCULATIONS 

Inoculations were made on two specie^ of Parthenocissus (P. quinque- 
folia and P. tricuspidata), the mascadine grape {Vitis rotundifoUa Michx.), 
two species of native bunch grape (F. hourquina Munson ex Viala and V. 
lahrusca Linn.), and the European bunch grape (F. vinifera Linn.). The 
vines to be inoculated were grown in pots in the greenhouse where there 
was no natural infection. Inoculum consisted of pycnospore suspensions 
obtained by triturating leaf spots bearing pycnidia collected in the field 
from P. tricuspidata, P. quinquefolia, F. rotundifoUa, and F. lahrusca. In 
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addition, inoculations were made with suspensions of pycnospores produced 
in culture on 3 per cent malt agar by ascospore isolates obtained from over¬ 
wintered leaves of P. tricuspidata and P. quinquefolid. Tho inoculum was 
applied with a pipette to all of the leaves of young, rapidly growing shoots. 
The inoculated plants were then placed in a moist chamber for 48 hours. 
Symptoms appeared after an incubation period of two to three weeks. On 
all suscepts only leaves that were immature at the time of inoculation be¬ 
came infected. 

The results of these inoculations are presented in table 1. Inoculum 
from either Virginia creeper or Boston ivy infected both of these suscepts 
but no species of grape. Conversely, no infection of Virginia creeper or 
Boston ivy was obtained with inoculum from either muscadine or bunch 
grapes. On native grapes, inoculum from muscadine grape produced in¬ 
fection only on muscadine grape; inoculum from bunch grape produced 
infection only on bunch grape. The introduced European bunch grape, 
however, was susceptible to infection with inoculum from either muscadine 
grape or native bunch grape. 


TAXONOMY 

In a previous report (3) it was shown that Ouignardia hidwcllii occurs 
on muscadine grapes as a distinct race differing in pathogencity from G. 
hidwellii on bunch grapes. These two races differed morphologically in 
size of ascospores and pycnospores. In spite of these differences the fun¬ 
gus on muscadine grapes was given taxonomic rank as a form of 0 . hid¬ 
wellii, Prom the results of the inoculations reported here (Table 1) it is 
apparent that O. hidwellii exists in three physiologic races: one pathogenic 
to native bunch grapes, one to muscadine grapes, and one to Parthenocissxis 
species. A consideration of morphology (Table 2) supports the classifica¬ 
tion of these physiologic races as forms of the one species G. hidwellii 
rather than as distinct species. While the race on muscadine grapes is dis¬ 
tinct from the other two races in mean width of ascospores, the mean lengths 
of ascospores for the three races form an intergrading series, the asco¬ 
spores of the race on Parthenacissus species being intermediate and closing 
the gap between the other two races. Within the race on Parthenocissus 
species there appears to be a difference in mean length of ascospores pro¬ 
duced on the two susceptible species, P. tricuspidata and P, quinquefolia. 
The differences in size of pycnospores of the three races are even less than 
those in size of ascospores; and reference to data published previously (3) 
shows that the variation among sets of measurements of pycnospores within 
the same race may be as great as the variation among different races. Al¬ 
though there seems to be a definite tendency toward the production of lar¬ 
ger ascospores and pyenspores in the race on muscadine grapes, the dif¬ 
ferences are too subtle to be of practical use in the separation of thesfe races. 

In type of colony produced in culture, the race on Parthenocissus spe¬ 
cies again is intermediate between the race on bunch grapes and the race 
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on muscadine grapes. On 3 per cent malt agar, the race from bunch grapes 
produced a white, rapidly growing mycelium that became gray or tan with 
age. The pycnidia were scattered over the mycelium. In the race from 
muscadine grapes, the mycelium was black and formed a hemispherical, 
stromatic mass on which the pycnidia were densely grouped. Growth was 
never extensive. Colonies of the race from Parthenocissus species were 
similiar to those of the muscadine race in that the mycelium was black and 
the pycnidia were densely grouped on the surface. The growth was much 
more extensive, however, forming a fiat, wide-spread subiculum on the sur¬ 
face of the agar. 

Although the race on Parthenocissus species was intermediate between 
the other two races in morphology and in growth in culture, it showed a 
greater difference in pathology. While the race on muscadine grapes and 

TABLE 2.— A comparison of spores produced by Guignardia hidwellii 
071 different suscepls 


Suscept 

Ascospores 

Meana 

Pycnosporcs 

Meanb 



Range 


Range 

7)1} crons 


microns 

microns 

7ni crons 

Vitis labrusca . 

10.6-16.5x5.3-8.0 

13.15x6.55 

7.5-10.9 X 5.4-7.5 

8.42 X 6.78 

Parthenocissus 

11.7-16.0x5.3-8.0 

13.70 X 6.55 

7.5-10.2 X r..4-8.2 

8.53x6.74 

quinquefolia . 

Parthenocissus 

10.9-18.4x4.8-7.9 

14.50 X 6.50 

7.1-10.9x6.5-8.6 

8.46 X 7.30 

tricuspidafa 

Vitis rotundifolia . 

12.6-17.3 X 6.0-9.0 

14.90 X 7.10 

7.2-13.9 X 5.4-8.2 

9.26 X 6.93 


a 200 spores. 

*> 100 s])ores. 

the race on native bunch grapes have a common host in Vitis vinifera, it 
was impossible to obtain infection of this species with the Parthenocissus 
race. 

In view* of the intergradations in morphology, it is proposed that the 
fungi on bunch grapes, muscadine grapes, and Parthenocissus species con¬ 
tinue to be referred to the single species, Ouignardia hidwellii, and that 
within this species three forms, separated upon the basis of pathogenicity, be ‘ 
recognized. 


Ouignard/ia hidwellii (Ell.) Viala and Bavaz 

Ascocarps separate, black, spherical, 61-199 p diam., innate, erumpent 
and ostiolate at the apex, on overwintered berry mummies and dead leaves; 
centrum pseudoparenchymatous; asci fasciculate, aparaphysate, cylindrical 
to clavate, 36-56 x 12-17 p, short-stipitate, 8-spored; ascus wall thick, com¬ 
posed of two layers; ascospores hyaline, non-septate, ovoid or oblong, 
straight or inequilateral, rounded at the ends, biseriate, 10.6-18.4 x 4.8-9.0 p. 

Pycnidia black, spherical, 59-196 p diam., innate, erumpent and ostiola^^e 
at the apex; produced on the host during the growing season; on leaf 
blades amphigenous in circular, reddish-brown, necrotic spots; on stems. 
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tendrils, peduncles, and petioles in elliptical to elongate, brown to black 
cankers; on fruits either in berry mummies or in brown to black superfi¬ 
cial scabs and cankers; pycnospores hyaline, non-septate, ovoid to oblong, 
rounded at the ends, 7.1-14.6 x 5.3-9.3 fi. 

Spermogonia black, spherical, 45-78 fx diam., innate, erumpent and 
ostiolate at the apex, produced toward the end of the growing season on 
berry mummies or dead leaves in association with ascogonial stromata; 
spermatia hyaline, non-septate, bacilliform, about 2.5 x 1 ft. 

On Vitis and Parthenocissus species. 

1. Guignardia bidwellii f. euvitis f. nov. Pathogenic to American spe¬ 
cies of Euvitis and to V. vinifera, 

2. Guignardia hidwellii f. muscadinii Luttrell (Phytopath. 36; 913. 
1946.) Pathogenic to Vitis rotundifolia and V, vinifera, 

3. Guignardia bidwellii f. parthenocissi f. nov. Pathogenic to Par¬ 
thenocissus species. 

The genetic connection of the perfect and imperfect stages of the forms 
euvitis and muscadinii has been demonstrated by previous inoculations (3). 
The present inoculations with pycnospores from ascospore isolates of the 
form parthenocissi establish the same point for this form. 

DISCUSSION 

Results of these inoculations show that Guignardia hidwellii comprises 
three physiologic forms: f. euvitis pathogenic to native bunch grapes, f. 
muscadinii pathogenic to muscadine grapes, and f. parthenocissi pathogenic 
to Parthenocissus species. Infection from cross inoculations with these three 
forms on the three groups of suscepts could not be obtained. It seems un¬ 
likely, therefore, that black rot on either Boston ivy or Virginia creeper 
may serve as a source of inoculum for the disease on muscadine grapes and 
bunch grapes. 

The recognition of physiologic forms in Guignardia hidwellii is not 
without precedence in the Ascomycetes. Physiologic specialization has 
been reported in many species of the Erysiphales, Hypocreales, Sphaeriales, 
and Dothideales (7); and it seems desirable to give these races differing in 
pathogenicity the taxonomic rank of form. In the Mycosphaerellaceae 
physiologic specialization has been reported previously by Roark (5) who 
found that Mycosphaerella ruhi could be separated into two races, one 
pathogenic to blackberry, the other to,raspberry. To this may be added 
the present report on 'Guignardia hidwellii. Since species in Mycosphae¬ 
rella and Guignardia have frequently been based on host differences, it is 
probable that a taxonomic revision of these genera would result in a reduc¬ 
tion in number of species and the recognition of physiologic forms in many 
additional species. 

SUMMARY 

Cross.inoculations have shown that Guignardia hidwellii (Ell.) Viala 
and Bavaz, cause of black rot of bunch grapes, muscadine grapes, Virginia 
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creeper {Parthenocissus quinquefolia (L.) Planch.), and Boston ivy (P. 
tricuspidata (Sieb. and Zucc.) Planch.), comprises three physiolopc races 
differing in pathogenicity. Although slight differences in morphology and 
in growth in culture accompany these differences in pathogenicity, the 
three races are classified as forms of 0. hidwellii as follows; 6r. hidwellii f. 
euvitis f. nov., pathogenic to native bunch grapes and {Vitis lahrusca Linn., 
V. lourquina Munson ex Viala) and to F. vinifera Linn.; 0, hidwellii /. 
muscadinii Luttrell, pathogenic to muscadine grapes (F. rotundifolia 
Michx.) and to F. vinifera; and 6?. hidwellii f. parthenocissi f. nov., patho¬ 
genic only to Parthenocisstis spp. Because of physiologic specialization in 
G. hidwellii it seems unlikely that the fungus on Virginia creeper and Bos¬ 
ton ivy may serve as a source of inoculum for the black rot disease on either 
muscadine or bunch grapes. 

Georgia Experiment Station, 

Experiment, Georgia 
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STUDIES OF TWO VIRUSES CAUSING MOSAIC DISEASES OF 

SOYBEAN' 


Robert A. Conovers 
(Accepted for publication April 28, 1948) 

INTRODUCTION 

The great expansion of soybean (Soja max Piper) culture in recent 
years has led to a large-scale breeding program, and to an increased study 
of the diseases of this crop. In 1916 Clinton (1) described the symptoms 
of soybean mosaic; in 1921 Gardner and Kendrick (2) established the virus 
nature of the disease, and in 1924 they (7) showed that the virus was 
transmitted from generation to generation through the seed of infected 
plants. Since that time almost no work has been done on the disease in 
this country. Heinze and Kohler (4) determined the properties and 
demonstrated aphid transmission of a virus causing soybean mosaic in 
Germany. Observations by a number of pathologists indicate that soybean 
mosiac is present in all major soybean producing areas, and that it causes 
losses in both quality and quantity of seed. 

Certain of the more tolerant varieties of soybean which rarely show 
symptoms under field conditions have come to be regarded as resistant 
to mosaic. The feeling has arisen that these tolerant varieties maintain 
their ^‘resistance’’ as long as they are grown in their areas of adaptation; 
however, when grown in ditferent regions, they appear to be susceptible. 
If it were true that a mere change of location would alter the resistance 
of a group of varieties, plant breeders would be confronted with serious 
mosaic problems. It is a common practice for crosses to be made between 
varieties adapted to widely different environments. 

Wide differences in mosaic symptoms seen in the field suggested that 
more than one virus might well be responsible for the mosaic disease of 
soybean. Some pathologists (8, 10) have shown that certain leguminous 
viruses are capable, under experimental conditions, of causing systemic 
infection of soybean. This paper reports the results of an investigation 
made to clarify a number of these aspects of our knowledge of soybean 
mosaic. 


MATERIALS AND METHODS 

Thirty-two virus isolates were obtained from naturally infected, field- 
grown soybeans in the summer of 1946. These were differentiated by 
inoculation to soybean, tobacco {Nicotiana idbacum L., Havana type No. 

1 Excerpt from a thesis submitted in partial fulfillment of the requirements for the 
Degree of Doctor of Philosophy in the Graduate School of the University of Illinois, 1947. 

The author expresses his sincere appreciation to Dr. W. B. Allington and Professor 
JTeil E. Stevens for their interest and guidance in this work. 

2 Present address; University of Florida, Sub-Tropical Experiment Station, Route 2, 
Box 508, Homestead, Florida. 
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38), and garden bean (Phaseolus vulgaris L., variety Burpee's Stringless). 
Fifteen of the isolates were proved by the reaction on tobacco to be the 
tobacco ring-spot virus commonly found on soybean and recognized as the 
cause of bud blight. These were discarded. 

Fifteen of the isolates were infectious only to soybean. Those isolates, 
which tests indicated were separate isolations of the same virus, produced 
symptoms agreeing with those described by Clinton (1), and Gardner and 
Kendrick (2), and the seed from infected plants produced diseased seed¬ 
lings. This virus will be referred to subsequently as Soja virus 1 and 
the disease caused by this virus on soybean as soybean mosaic. 

Two of the virus isolates were infectious to garden beans in addition to 
soybeans. These reacted identically and were considered separate isolations 
of the same virus. Tests, reported later in this paper, show this virus to 
be a strain of Phaseolus virus J2, the virus causing yellow mosaic of garden 
bean. This virus will be referred to as Phaseolus virus 2 and the disease 
caused on soybean as yellow mosaic. 

The soybean variety Bansci was used throughout the investigation as 
the ‘‘standard" variety. The soybean seed used was provided by the 
U. S. Regional Soybean Laboratory, Urbana, Illinois. !Sxcept for the 
variety Cherokee all seeds were free from mosaic. Other seeds were pro¬ 
vided by the Division of Forage Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Agriculture, or were purchased from repu¬ 
table seedsmen. 

Except for some field studies of seed transmission, all experimental 
work was done in the greenhouse at temperatures which usually varied 
between 18° C. and 24° C. Supplemental light from 500-watt incandescent 
bulbs was supplied during the winter period of low intensity. In the design 
of the experiments and interpretation of results the possibility of accidental 
insect transmission of the viruses was constantly considered and adequate 
precautions were taken. 

Soybeans were inoculated on both primary leaves when the first trifoliate 
leaf was less than one-fourth inch long. Carborundum was used in all 
inoculations. Virus properties were determined according to usual 
methods, each test being repeated from three to five times. 

^ ,* % experimental results 

i^ymptontology. On Bansei soybeans the first visible symptom of 
disease, following mechanical inoculation with Soja virus 1, occurs as a 
yellowish vein-clearing which develops in the minor veins of the develop¬ 
ing trifoliate leaves. This symptom is transitory and appears from 6 to 14 
days after inoculation. Rugose symptoms usually appear on the third 
trifoliate leaf formed after inoculation, increase in severity on successive 
leaves and eventually becomes dark green, puffy areas among the major 
veins of the leaf (Fig. 1, A). These vesicles, formed by the upward 
proliferation of the blade, may be scattered or aligned on either side of 



Fia. 1. Symptoms of soybean mosaic on Hansel (A) and Flambeau (B) soybeans. 
Yellow mosaic symptoms on Bansei (C) and Flambeau (D) soybeans. E. Symptoms pro¬ 
duced by seed boTn Soja virus 1 on Lincoln seedlings. F. Mottling of Burpee’s Stringless 
garden bean leaflet by Thaseolus virus 2 isolated from soybean. 
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the major veins. Leaflets may be yellowed among the vesicles and around 
the margin. Vein-clearing of the matured leaves is common. Leaf margins 
frequently are curved downward at the sides and upwards at the tip. 
Leaves become coarse, leathery to the touch, and somewhat brittle at 
maturity. Diseased plants are stunted and appear to set fewer pods than 
normal plants. Pods borne on diseased plants are mostly normal; however, 
some may be curved laterally or twisted and have less conspicuous pubes¬ 
cence. Many pods produced on diseased plants do not bear seed. With 
the exception of the variety Ogden, the reaction of the tested oil-type 
varieties is uniform and much less severe than the reaction of Bansei. 
Leaves of the oil-type varieties are somewhat wrinkled but the conspicuous 
dark green vesicles characteristic of the disease on Bansei are lacking. 
Margins of the leaflets tend to be wavy, and bend downward or roll inward 
in an irregular manner (Pig. 1, B). Occasionally the leaves have a slight 
yellowish mottle. 

The reaction of the Ogden variety to Soja virus 1 is dilferent from the 
reactions of the other varieties tested. From 10 to 20 per cent of the 
plants develop a progressive necrosis which ultimately reaches the terminal 
bud. The leaves produced on occasional branches are severely dwarfed, 
mottled, distorted, and dotted with necrotic spots. Since this type of 
reaction approximates the reaction of soybeans to the tobacco ring-spot 
virus, inoculations were made from such plants to tobacco to rule out the 
possibility of accidental tobacco ring-spot virus infection. Tobacco plants 
Were unaffected by the inoculation, and transfers from the inoculated 
tobacco to Bansei were negative indicating that the virus was not present 
in masked form in tobacco. Bansei seedlings, inoculated with juice from 
such Ogden plants, had symptoms typical for Soja virus 1, 

No marked distinction between vegetable and oil-type soybeans, or 
between varieties, was observed as a result of infection with Phaseolus 
virus 2, Initial symptoms occur essentially as described for Soja virus 1; 
however, they are less transitory. Successive leaves have a conspicuous 
yellow mottle as the characteristic symptom (Pig. 1, C and D). The 
yellow areas may be scattered or occur as indefinite bands along the sides 
of the major veins. Under certain conditions intense yellow islets appear 
in the blade. As the leaves mature, rusty necrotic spots develop in the 
yellowed areas. Diseased plants as a rule are not markedly stunted, and, 
in the greenhouse, pod set was not appreciably diminished. No symptoms 
were observed on the pods. 

Effect of air temperature on symptom expression. Observations that 
soybean mosiac is more severe in certain parts of the growing season 
suggested that the symptomology of the disease is correlated with temper¬ 
ature. Johnson (6) gave some indication of the relationship when he 
stated ‘L . . soybean mosaic was completely inhibited at temperatures of 
26-28® In order to obtain a more complete picture of the relationship 
a further investigation was made. Three constant temperature cabinets 
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set at 18.5° C., 24° C., and 29.5° C. were used for this purpose. It was 
thought that varieties adapted to a growing region with a certain mean 
temperature might react similarly to each other and differently from 
varieties adapted to other regions with different mean temperatures. The 
soybean varieties used to test this possibility included Mandarin and 
Habaro, northern varieties; Lincoln and strain A4-107~12\ central types; 
Louisiana Green and Cherokee, southern varieties. In addition, the vege¬ 
table variety Bansei, a mid-season variety in Illinois, was included. Tost 
plants were inoculated and left at usual greenhouse conditions until the ini¬ 
tial symptoms of mosaic developed, after which they were transferred to ap¬ 
propriate cabinets. Noninoculated plants of the same age and subjected to 
the same environment were included in all tests. At least nine plants of 
each variety were used in each test, and all tests were repeated. 

The first two or three leaves formed on seedlings inoculated with Soja 
virus 1 were much alike at all temperatures, and were similar to symptoms 
developing on duplicate plants left in the greenhouse. Subsequent leaves, 
however, showed striking differences at the various temperatures. This 
was most spectacular with the variety Bansei, but was evident with all 
other varieties except Cherokee in which there was only a mild response. 
Infected Bansei plants grown at 18.5° C. for four weeks were markedly 
stunted in leaf size and plant height. Leaflets were extremely rugose and 
were curled upward around the margin. Pubescence on both stem and 
leaves was extraordinarily apparent. Symptoms on infected Bansei plants 
at 24° C. were much less severe. Leaflets were considerably distorted, and 
spotted with raised, dark green swollen areas. Mottling was also apparent 
at this temperature. Infected Bansei plants grown at 29.5° C. had very 
mild or no recoj'iiizable symptoms (Fig. 2, A). Some leaflets were ob¬ 
scurely mottled, occasionally margins were wavy, but no rugosity or stunt¬ 
ing was apparent. The oil-type varieties infected with Soja virus 1 
reacted rather uniformly but did exhibit some varietal differences not 
correlated with areas of adaptation. Leaflets of Lincoln grown at 18.5° C. 
were rolled under and inward, misshapen, and considerably wrinkled; 
however, they lacked the extreme rugosity characteristic of Bansei at this 
temperature. At 24° C. leaflets were mottled, had wavy margins, but no 
crinkling of the blade. At 29.5° C. infected plants were essentially symp¬ 
tomless (Fig. 2, B). Habaro, Mandarin, and strain A4~107-12 reacted 
as did Lincoln. Louisiana Green was more severely dwarfed and distorted 
than Lincoln at 18.5° C., and the leaflets were mottled at 29.5° C. Cherokee 
was mildly affected at 18.6° C. and without noticeable symptoms at other 
temperatures. The varieties adapted to a given region did not react as a 
group. There was as much variation within the varieties adapted to a 
certain region as there was between those of different regions. Inoculations 
to healthy Bansei seedlings from the infected, symptomless plants of all 
varieties grown at 29.5° C. resulted without exception in the recovery of 
fhe virus. 

3 One of the sister strains composited to make the variety Hawkeye. 



Fig. 2, A-C. Mosaic symptoms on soybeans after 31 days in constant temperature 
cabinets at (from left to riRht) 18.5° C., 24° C., and 29.5° C. A. Stem tips of variety 
Bansei infected with Soja virus 1. B. Leaves of Lincoln variety infected with Soja virus 
1. 0. Leaflets of Bansei variety infected with Fhascolus virus 2. D. Healthy Bansei 
leaflet. 
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The symptomology of soybeans infected with Phaseolus virus 2 was 
found not to vary conspicuously with either temperature or variety. Yel¬ 
low mottling was obvious at all temperatures used; however, a slight differ¬ 
ence was noted in the type of mottling. At 18.5° C. mottling on Bansei 
was of a rather diffuse nature, while at 29.5° C. the yellowed areas were 
fewer and larger (Fig. 2, C). A slight puckering tendency around the 
yellowed areas was noticeable at the latter temperature. Oil-type varieties 
reacted similarly to Bansei; the varieties Habaro and Mandarin were notice¬ 
able in that rusty, necrotic spots developed abundantly on the matured 
leaves of plants grown at 18.5° C. 

Temperature was found to have a considerable effect on the incubation 
period of both viruses. Soja virus 1 symptoms on Bansei appeared in four 
days at 29.5° C., in six days at 24° C., and in fourteen days at 18.5° C. 
Phaseolus virus 2 symptoms appeared in five days at 29.5° C., seven days 
at 24° C., and twelve days at 18.5° C. 

Host range studies. Table 1 presents data showing the species tested 
as hosts and results of inoculations with Soja virus 1 and Phaseolus virus 2. 
Attempts were made, in mo.st eases, to recover the viruses from both the 
inoculated leaves and from leaves formed subsequent to inoculation. 
Soja virus 1 did not produce symptoms on any of the species tested; how¬ 
ever, the virus was recovered from the symptomless, inoculated leaves of 
the Burpee’s Stringless, Stringless Green Pod, and Stringless Green llefu- 
gee varieties of garden beans 23-27 days after inoeulation. The virus was 
not reeovered from the trifoliate leaves of these varieties; and it was not 
recovered from either the inoculated or trifoliate leaves of the Corbett 
Refugee and U. S. #5 Refugee varieties. The virus was not recovered 
from any other species tested. 

Inoculation of the various species tested as hosts of Phaseolus virus 2 
resulted in systemic mottling in the following: white and yellow sweet 
elover, crimson clover, broad bean, Alaska and telephone varieties of peas, 
and all the varieties of garden beans tested. The virus was recovered only 
from plants showing symptoms. The first symptom observed in garden 
beans was a drooping of the leaflets at the pulvini; however, this was not 
obvious in all varieties. Later small halo-like spots appeared in the blades 
which enlarged and coalesced to form a conspicuous yellow mottling (Fig. 
1, F). Mottling became more distinct as the leaves matured, and at 
maturity leaflets were cupped downward and appeared rather glossy. Af¬ 
fected plants were not markedly stunted and no symptoms were produced 
on the pods. 

Physical properties of the viruses. Thermal inactivation point deter¬ 
minations were carried out by placing 1 ml. of inoculum (sap diluted with 
an equal volume of distilled water) in thin-walled, small glass tubes and 
heating for 10 minutes in a water bath. In longevity in vitro tests the 
inoculum (undiluted sap) was placed in stoppered test tubes and stored 
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at 18.5° C. in diffuse lij?ht. All property tests were repeated at least three 
times except the longevity in vitro test with Phaseolus virus 2 which was 
performed twice. 


TABLE 1 .—Results of inoculations with Soja virus 1 and JPhaseolus virus 2 with 
various species of plants 


Species tested 

Results of inoculation wjth 

Soja virus 1 Phaseolus virus ^ 

No. of plants No. of plants 

rnoculated Infected Inoculated Infected 

Crotolaria spertahilis Both. .. . 

16 

Oa 

16 

0 

Lcspi deza striata (Thuml).) H. & A. . 

13 

Ob 

21 

0 

Lupinus angustifolius L., blue lujiine. 

18 

Oa 

12 

0 

L. lutens L., yellow lupine . 

10 

Oa 

16 

0 

Medicago sativa L., alfalfa 

14 

Ob 

29 

0 

Melilotus alba Desv., white sweet clover 

14 

Ob 

20 

12 

M. officinalis (L.) Lam., yellow sweet clover 

14 

Ob 

10 

4 

Phaseolus aureus Roxb., muiig bean . 

1.5 

0 

15 

0 

P. coccinf'us L. scarlet runner bean . 

7 

0 

15 

0 

P. lunalus L., civet bean, Henderson Bush 





variety 

4 

Oa 

14 

0 

P. mungo L., urd bean 

15 

0 

15 

0 

P. vulgaris L., garden bean 





Asgrow Black Valentine variety 



16 

14 

Burpee ^s Striiigless variety ... 

98 

Oc 

lO 

18 

(^orbett R(*fugee variety 

5 

0 

20 

8 

Full Measure variety . 



19 

12 

improved Golden Wax variety 



11 

10 

Red Kidney variety . 



12 

8 

Stringless Green Pod variety 

9 

Oe 



Stringless Green Refugee variety . 

13 

Oc 

20 

17 

Stringless Red Valentine variety. 



14 

13 

U. S. No. .5 Refugee variety 

4 

0 

20 

12 

Pisu7n sativum Ij., pea, 





Alaska variety .... 



16 

13 

Telephone variety . 



14 

11 

Trifoliinn incarnatum L., crimson clover 

14 

Oa 

14 

13 

Vicia faba L., broad bean . 



6 

6 

Vigna scsquipcdalis (L.) Fruwirtli, aspara¬ 





gus bean . 

15 

0 

15 

0 

F. sinensis (L.) Endl., cowpea 





Victor variety . 

15 

0 

15 

0 

Whippoorwill variety . 

15 

0 

15 

0 

Beta vulgaris L., beet, Detroit Dark Red 





variety 

17 

0 

27 

0 

Lycopersiron csculentum Mill., tomato 





Early Baltimore variety 

11 

0 

4 

0 

Nicotiana tabacum L., tobacco 





Ilavanna type No. 38 ... 

39 

0 

12 

0 


» No attempt made to recover Soja virus 1. 

ht No attempt made to recover Soja virus 1 from inoculated leaves; however, recovery 
attempts from tops were negative. 

c Soja virus 1 recovered from symptomless, inoculated leaves 23—27 days after inocu¬ 
lation. ► 


Soja virus 1 had a thermal inactivation point lying between 64° C. and 
66° C. The virus was still infectious after four days aging in vitro, but 
was non-infectious after five days. The results of five attempts to establish 
the tolerance to dilution varied so widely that no definite value was attained. 
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The thermal inactivation point of Phaseolus virus 2 was determined to 
be between 54° C. and 56° C. The virus had a longevity in vitro of three 
to four days. The dilution end-point varied so widely in five tests that 
no definite value was obtained. 

Seed transmission studies. It has been demonstrated that soybean 
mosiac is seed transmitted (4, 7, 8). The discovery that Phaseolus virus 2 
causes a field disease of soybeans made the question of whether it is seed 
transmitted of practical importance. In order to answer this question, 
and to confirm seed transmission of Soja virus 1, numerous naturally in¬ 
fected plants were tagged in the field in the summer of 1946 and the seed 
from them collected individually. In addition some seed was collected 
from inoculated plants grown in the greenhouse. This seed was grown in 
the greenhouse the following winter and in the field in the summer of 1947. 
Seedlings grown in the greenhouse were observed until flower buds were 
formed, final readings in the field were made when the plants were approxi¬ 
mately 15 inches tall. 

Seed from plants^ tagged in the field as having soybean mosaic produced 
a relatively high percentage of diseased seedlings, varying from 2 to 75 
per cent according to soybean type. Of 1,993 seedlings grown from such 
seed, 646, or 32 per cent, were diseased. Seed collected from the variety 
Lincoln, inoculated and grown in the greenhouse, produced 364 seedlings, 
15 per cent of which were diseased. Symptoms produced on seedlings by 
seed-borne Soja virus 1 were usually observed on the primary leaves. Such 
leaves had wavy margins and the blade was some'(vhat crinkled or slightly 
mottled. The first trifoliate leaf usually showed symptoms characteristic 
of soybean mosaic on that variety (Pig. 1, K). Seed from several plants 
tagged in the xleld as having soybean mosiac failed to produce diseased 
seedlings. 

A total of 362 seedlings were grown from the seed of soybeans inocu¬ 
lated with Phaseolus virus 2. None of these were diseased. Seed from 
plants, mostly strain A4-107-12, tagged in the field produced 6,323 seed¬ 
lings; none of these had yellow mosaic. Some seed was collected from 
garden beans inoculated with Phaseolus virus 2. The 107 seedlings grown 
from this seed were all healthy. 

Insect transmission. The pea aphid, Macrosiphum pisi Kalt.,° the 
peach aphid, Myzus persicae Sulzcr, and Thrips tahaci Lindeman were 
used in attempts to transmit the viruses by insects. These were cultured 
on liealthy plants of alfalfa, tobacco, and soybean respectively. Aphids 
were fed on diseased plant parts placed in large diameter glass tubes 
covered at the ends with several thicknesses of cheesecloth. After feeding 
24 to 30 hours on the diseased tissue, the aphids were transferred with 
usual precautions to healthy seedlings which were enclosed immediately in 

^ Mostly soybean introductions of United States Department of Agriculture. 

8 Insects were identified by Dr. H. H. Boss, Systematic Entomologist, Illinois State 
Natural History Survey, Urbana, Illinois. 
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bell-jars. Under these conditions aphids were dead after five to six days. 
Similar technique was followed with thrips except that they were collected 
from diseased soybeans and transferred directly to healthy seedlings in 
bell-jars. 

Both the pea aphid and the peach aphid transmitted Soja virus 1 to 
healthy seedlings. In the two tests resulting negatively with the former 
species only four aphids were transferred to each healthy seedling; ten or 
more aphids were transferred to each seedling in the six tests resulting 
positively. Both tests with the peach aphid resulted in virus transmis¬ 
sion. Aphids became viruliferous feeding on infected steins, old or young 
leaves, and stem tips. Pour attempts to obtain transmission with thrips 
were negative. Prom 50 to 100 thrips were transferred to each healthy 
seedling. All check plants remained healthy. The incubation time, ini¬ 
tial symptoms, and course of development of the disease following infec¬ 
tions by insect-transmitted virus was the same as that following mechanical 
inoculation. 

Successful transmission of Phaseoltis virus 2 was obtained only once in 
nine separate tests with Macrosiphum pisi. In this case aphids were fed 
on diseased garden bean leaves and transferred to garden bean seedlings. 
Attempts to transmit this virus from soybean and garden bean to soybean 
were negative. Transmission of this virus with other inpects was not at¬ 
tempted. 

DISCUSSION 

The experimental evidence confirms the observation that temperature 
plays a large role in the symptomology of soybean mosaic. This also con¬ 
firms and extends the work of Johnson (6) who reported only that high 
temperature suppressed symptoms. Tests to determine varietal resistance 
or immunity should be made at temperatures suitable for symptom expres¬ 
sion. It is also clear that the reaction of a variety to Soja virus 1 is not 
correlated with the area to which it is adapted; rather the variety is the 
unit in which the reaction is determined. If there is a danger of creating 
a soybean variety especially susceptible to soybean mosaic by making 
crosses between varieties adapted to wide environments the dangerous en¬ 
tity is within the individual varieties used in crossing. 

The values obtained for the thermal inactivation point and longevity in 
vitro of Soja virus 1 are similar to those obtained by Heinze and Kohler 
(4). Pierce (8) reported a thermal inactivation point of 56°-58° C. for 
a seed-transmitted virus causing soybean mosaic; this differs so much from 
the writer’s results that it cannot be presumed the same virus is involved. 
Soja virus 1 induced systemic symptoms only on soybeans; this confirms the 
work of Gardner and Kendrick (2), Pierce (8), and Heinze and Kohler 
(4). The latter authors reported that the virus produced symptoms and 
could be recovered from the inoculated leaves of certain varieties of Phase- 
alus vulgaris; the writer was able to recover the virus from the inoculated 
primary leaves of certain varieties of this species but no symptoms were 
observed on the inoculated leaves. 
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The suggestion ^ some pathologists (5) that soybean “mosaic’’ is 
caused by more ihm^ne virus is substantiated by this investigation. A 
second virus was citflected from soybean which differed from Soja virus 1 
in symptomology,'J]||aysieal properties, host range, and seed transmission; 
it closely resemble Phaseolus virus 2 in physical properties, host range, 
symptomology, and lack of seed transmission in garden bean. Pierce (8), 
who found. soybean susceptible to Phuseolus virus 2, reported collecting 
the virus from soybeans in the field; however, no description of the dis¬ 
ease on soybean was recorded. The virus collected from soybean by the 
writer differs from Phaseolus virus 2, as described by Pierce (8) and Zau- 
meyer and Wade (10), by not being infectious to mung bean and lespe- 
deza, and by having a thermal inactivation point of 54°-56° C. as com¬ 
pared with 56°-58° C. for Phaseolus virus 2. Because of these differences 
it appears best to regard the virus isolated from soybeans as a strain of 
Phaseolus virus 2. 

It has been demonstrated that soybean mosaic spreads in the field (3, 4, 
7). Kendrick and Gardner (2) were unable to obtain transmission with 
the tarnished plant bug and leaf hoppers. Heinze and Kohler (4) found 
that, in Germany, eight species of rphids, among them the peach aphid, 
were capable of transmitting Soja virus 1. Transmission of the virus was 
accomplished in this investigktion by the peach aphid and the pea aphid. 
While the pea aphid has been reported a vector of other legume viruses, 
this is the first report that it also serves, under experimental conditions, as 
a vector of Soja virus 1. Soybeans were not a favored host of aphids under 
the conditions prevalent in this study. In the greenhouse aphids rarely 
increased in numbers or persisted for an appreciable length of time on 
soybeans. It is believed that aphids may be responsible in part for spread 
of soybean mosaic in the field. Zaumeyer and Kearns (9) found a paral¬ 
lel situation in their studies on the transmission of common mosaic of bean 
{Pha^seohis virus 1). They obtained transmission with a number of aphid 
species, but found that beans were not a favored host of these insects. 
They believed that aphids in searching for a more favorable host might 
feed in the interim on beans, thus spreading the disease. It is likely that 
under field conditions other insects are capable of transmitting the viruses 
causing the mosaic diseases of soybean. 

SUMMARY 

A study was made of two viruses causing mosaic diseases of soybean. 
The symptomology of soybean mosaic, caused by Soja virus 1, and of yellow 
mosaic, caused by a strain of Phaseolus virus 2, was described. 

Air temperature had a considerable effect on the symptomology of soy¬ 
bean mosaic, symptoms being severe at 18.5° C., and largely masked at 
29.5° C. Soybean varieties were found not to react as groups according to 
areas of adaptation, but rather as individual varieties. Soja virus 1 pro¬ 
duced iSystemic infection only on soybeans; however, it was recovered from 
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the symptomless, inoculated, primary leaves of certain varieties of garden 
beans. The thermal inactivation point of Soja virus 1 was from 64° to 66° 
C.; longevity in vitro 4-5 days. The virus was transmitted through the seed 
of both inoculated and naturally infected plants. The pea aphid and the 
peach aphid transmitted the virng^^rom infected to healthy plants; trans¬ 
mission tests with Thrips tahaci were negative. 

Air temperature did not markedly affect symptom expression of yellow 
mosaic. All soybean varieties tested reacted similarly to Pha^eolus virus 2. 
Besides soybeans, this virus induced systemic mottling on Phaseolus vul¬ 
garis, Vicia faha, Trifolium incarnatum, Pisum sativum, Melilotus alba, 
and M. officinalis. The thermal inactivation point of this virus was from 
54° to 56° C.; longevity in vitro 3-4 days. The virus was not seed trans¬ 
mitted in 6,685 seedlings grown from the seed of inoculated and naturally 
infected soybeans, or in 107 seedlings from seed of inoculated garden beans. 

Department of Botany, 

University of Ilijnois, 

Urbana, Illinois. 
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COLLAK INJURY OF APPLE TREES ASSOCIATED WITH 
WATERLOGGED SOIL 

J. S. COOLEYl 
(Accepted for publication May 1, 1948) 

When collar injury appears on apple trees the disturbance is usually at¬ 
tributed either to winter injury or to a pathogen such as Phytophthora. 
Winter injury, however, is often complicated by the condition of poor drain¬ 
age or a waterlogged soil, thus making it difficult to separate cold injury 
from that due to poor aeration. The collar injury here described occurred 
under conditions that apparently precluded winter injury as a contributing 
factor, and for that reason deserves attention. The observations on collar 
injury to apple trees herein reported were made during the summer of 1945 
on a block of trees at the Plant Industry Station, Beltsville, Md., containing 
760 5-year-old trees. 

The trees, originally a part of a rootstock experiment, were being used 
in inoculation tests with Phytophthora cactorum (L. and C.) Schroet. As a 
preliminary treatment prior to inoculation, the area where the trees were 
growing was given several applications of water (totaling approximately 10 
inches) during the month of May. The apparent harmfiil effects of this irri¬ 
gation plus the unusually heavy rainfall of 25.1 inches during May, June, 
and July are reported in this paper. 

Inoculation with Phytophthora cactorum was attempted by removing the 
soil from the collar and inserting the inoculum into the root tissue. This was 
done on 29 trees on May 28, on 161 trees on June 7, and on 40 trees on July 
6, The remainder of the trees in the block were left uninoeulated as checks. 
When the soil was removed in preparation for the July 6 inoculation 2 of 
the 40 trees showed initial stages of collar injury below the soil line. These 
two trees had not been disturbed by any previous treatment except irrigation. 
They were not inoculated, but were kept for further observation of the de¬ 
velopment of the collar injury that was already starting. The progress of 
the development of the lesions on these 2 trees was studied during the 
summer. 

The lesions on the 2 trees mentioned above were 30 and 40 mm. in diam¬ 
eter, respectively. The spots were brown and water-soaked and their con¬ 
dition indicated that they were of very recent origin. 

On August 22 these two trees were dug up and examined and photo¬ 
graphed (Fig. 1). By this time the dead area had extended at least half 
way around one tree and had girdled the other. It had extended downward 
as far as the branch roots, a distance of 15 cm., but had extended upward 
very little farther than when the first observation was made in July. The 

1 Senior Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, United States Department of Agriculture. 
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dead area was water-soaked and in places the bark was gelatinous and shiny 
Demarcation between the living and the dead tissues was usually very sharp 
Thus the killing started slightly below the soil line and advanced laterallv 



Fig. 1, A. The extensive dead area was a lesion only 40 mm. in diameter on July 6. 
When photographed on August 23 the tree was completely girdled. B. A companion tree 
with one side still alive. The enlarged lenticels are characteristic of trees growing in a 
waterlogged soil. The bark in the upper part of the picture is discolored but not dead. 


and downward rather than upward. At this time the tops of the trees havin^ 
this collar injury showed no abnormal symptoms, which is another indication 
that the below-ground dying of the bark was very recent and very rapid. 
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In general, the killing was nnitorm throughout the affected bark area. 
However, one could sometimes see islands of live tissue surrounded by dead 
tissue. Such islands of living tissue, according to the author’s experience, 
do not occur in lesions caused by an apple root pathogen. 

When the first evidence of this disturbance appeared in July and while 
the lesions were relatively small, thorough culture studies were made, but 
with negative results. Such studies were made again in August, when the 
two trees were dug up and photographed. At this time the temperature and 
media particularly favorable for the growth of Phytophiliora were provided 
(2), but no evidence of a pathogenic organism was obtained. Microscopic 
examination at the margin of the dead and healthy tissue did not show any 
mycelium. The distinctive character of the lesion as well as the failure to 
isolate a pathogen and the failure to observe mycelium in newly killed 
tissue indicates that the collar lesions in question were not due to a pathogen. 

In a short time after the injury was noted on the two trees similar lesions 
were appearing not only on trees used in the inoculation studies but also in 

TABLE 1 .—Proyrcssivc collar injury to apple ircca 


Number of trees 

Percentage of trees having collar injury 

examined 28 

June 7 

July 6 November 1 

39 0 


67 

161 

0 

57 

38 


5 40 


the alternate rows that were used as checks for the Phytophihora inoculation. 
The lesions were very irregular in shape and the killing was e.Ktremely rapid. 

In November a final examination was made of the 238 trees that had been 
inoculated with Phytophihora cactonim. The results are presented in 
table 1. It will be noted that there was no evidence of injury in May or June, 
but that incipient injury was showing in July. This table shows that over 
50 per cent of the inoculated trees had developed a collar injury typical of 
that described above for the two trees first observed to have this injury on 
July 6 and which consequently were not used in the inoculation test. These 
lesions occurred promiscuously around the collar. 

Small lesions developed on a few of the trees (10 per cent) at points 
where inoculations were made. These lesions were definite in outline but 
were only 5 to 10 mm. in diameter by November. Reisolation of the pathogen 
from these small areas was not attempted. 

The data in table 1 relate only to trees on which no lesions were found 
^arly in the summer, at the time they were inoculated. Examinations were 
also made in the fall on uninoculated trees that had not been examined 
earlier in the season. They showed the presence of collar injury at this time, 
and enough were examined to indicate that the disturbance occurred over 
the whole block of trees. Observations made on trees that were dead the 
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following year indicated that collar injury was distributed over the whole 
block and included both the trees inoculated with Phyiophthora and the 
(ihecks for this inoculation test. 

The literature contains very little information about collar water injury 
to poniaceons fruit trees. The few reports that have been made on water 
injury to fruit trees have been concerned,with stone fruits [Fikry (3), 
Howard (4) ], with apple orchards flooded during the winter months [Dorsey 
and Ruth (1)], and with flooded pear trees [Kienholz (5)]. .Pear trees are 
generally considered more tolerant of a waterlogged soil than apple trees. 

summary 

Five-year-old apple trees growing in a heavy soil and having had wet 
conditions during the summer developed a collar injury during the summer 
months without the complicating effect of cold injury. 

Very small lesions, measuring as much as 10 mm. in diameter, developed 
on some of the trees inoculated with Phyiophthora cactortim. Such lesions 
rarely formed and did not develop further. 

The extensive collar injury here described was apparently the result of 
waterlogged soil. 

Plant Industry Station, 

Beltsville, Maryland. 
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A STUDY OF THE FUNGICIDAL ACTION OF S-QUINOLINOL 
AND SOME OF ITS DERIVATIVES^ 

Curtis Tj . Mason-? 

(Accepted for publieation April 25, 1948) 

INTRODUCTION 

The use of 8-quiiiolinol and some of its derivatives as fungicides has 
been mentioned at various times in plant science literature (2, 4, 5, 7, 9, 12, 
17, 18, 20, 21, 23, and 24). The 8-quinolinols have been recognized for 
twenty years or more as having bactericidal properties, but their possibili¬ 
ties as commercial fungicides and plant protectants apparently were not 
recognized until recently. The cost of the material has been and still is 
a matter of extreme importance in developing these possibilities. However, 
Powell (20) has shown that the copper salt of 8-quinolinol has real promise 
of becoming an important material in the control of scab and blotch of 
apples. Further field tests at the Illinois Experiment Station have con¬ 
firmed these first results and it was found that the material also has re¬ 
markable properties in the control of bitter rot of apples. The zinc salt 
showed some promise as a possible protectant of poaidies against brown rot. 

Because of the large number of possible derivatives of 8-quinolinol, this 
series lends itself very well to a study of the fungicidal action of the group 
and the change of toxicity resulting from the substitution of various ele¬ 
ments in the parent compound. This paper is an initiation of such a study 
based on H-rpiinolinol and eleven of its derivatives (Table 1). 

MATERIALS AND METHODS 

The 8-(iuinolinol and its derivatives were prepared by the Monsanto 
Chemical Company for experimental use and with the exception of 8-quino- 
linol sulfate, they were the highest grade obtainable. The 8-quinolinol 
sulfate was an 8 per cent solution and in a crude form. The ferric dime- 
thyldithiocarbamate used was F’ermate produced by E. I. Du Pont de 
Nemours Company. The chemicals used in making the Bordeaux mixture 
were Baker and Adamson chemicals produced by General Chemical Com¬ 
pany. 

Most of these compounds were very insoluble in water. In order to 
suspend them in water they were made wet with ethyl alcohol and then 
brought to volume with water. In the case of 8-quinolinol which was 

1 A condensation of a thesis submitted in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy, Graduate School, University of Illinois. Present 
address is University of Arkansas, Department of Plant Pathology, Fayetteville, Ar¬ 
kansas. Published with the approval of the Dean of the Graduate School and the Director 
of the Illinois Agricultural Experiment Station. 

2 The author wishes to express his appreciation to Drs. D. Powell, H. W. Anderson, 
H. H. Thornberry, and D. Gottlieb for their advice and suggestions. Most of the chem¬ 
icals and some of the equipment were supplied by the Monsanto Chemical Company to 
yhom the author expresses his appreciation. 
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found to be soluble in ethyl alcohol, the material was dissolved in alcohol 
and then made to volume with water. It remained in solution after the 
water was added. Since 8-quinolinol sulfate was water soluble, no alcohol 
was used in preparing the various dilutions of this material. The maxi¬ 
mum amount of alcohol was 4 per cent in the dilutions of 1000 parts per 
million, 0.4 per cent in 100 parts per million, and a proportional amount 
in other dilutions. 

The molecular structure of 8-quinolinol and representatives of the var¬ 
ious types of derivatives included in this study are shown in figure 1. The 
5, 7 substitution products simply have the H replaced by Cl, Br, or NOa 
in the 5 and 7 positions of the quinolinol ring or rings. 

All glassware was cleaned in perchlorate-sulfuric acid cleaning solu- 

TABLE 1. —List of compounds tested, the abbreviations used in the graphs, and the 
rmpirical formula of each compound 


Conipoiiiid 

Abbreviation 

used 

Empirical formula 


8-Q 

C.JTtON 

S-quinolinol sulfate . . 

8-Q SO 4 

(C,jr;ON)JT..S 04 

Copper 8 -quinolinolate 

Cu -8 

((;TT„ON),Cu 

Magnesium S-cpiinolinoUite 

Mg -8 

(C,jr„ON),Mg 

Manganese 8 -(piinolinolate . . 

Mn -8 

(C,.ir«ON)2Mn 

Iron 8 -quinolinolate 

Fe -8 

(CyieON),Fc 

Zinc 8 -quinolinolate 

Zn -8 

(C,JT„ON)oZn 

r),7-(li l>ronio 8 -quinolinol 

di Br 

C,IT-,ONBr.. 

r),7-(li ell loro 8 -quinolinol 

di Cl 

Qjr^ONCl.. 

o.7-(li-nitro 8 -quinolinol 

di NO., 

C.Jb.Or.Nn 

Copper r),7-di-bromo 8 -quinolinolate 

Cu (ti Br 

(C„H,ONBr..)..(hi 

("o]»per 5,7-di-chl()ro 8 -quinolinolate 

Cii di (^1 

(C,H 40 NC 1 .,)..Cu 

Bortl(*aux mixture 

B. M. 


Eerrie (limetliyldithiocarhamate 

Fermate 

((VJT.,NS,),Fe 


tion as suggested by Morton and Czarnetzky (19) and thoroughly rinsed 
in tap water and in distilled water. 

Two different methods of evaluating fungicides were used. They were 
the settling tower method and the spore-dilution-drop method as outlined 
by The American Phytopathological Society Committee on Standardiza¬ 
tion of Fungicidal Tests (1) except that it was impossible to obtain a water 
seal since the only moist chambers available had knobs on the tops and 
could not be inverted. However, the chambers were kept in an air-condi¬ 
tioned room with a temperature of 26° C. zh 1° and a relative humidity of 
50 per cent ±: 2 per cent so that this lack of water seal should be unimpor¬ 
tant under these conditions. Because of the possible effect resulting from the 
volatilization of these compounds, the chambers and slides were removed 
to the air-conditioned room after spraying and before the spore-drops were 
added so that the spores were never in the room in which the spraying 
was done. 

The culture of Stemphylium sarcinaeforme (Cav.) Wilts, was obtained 
from Dr. S. E. A. McCallan of the Boyce Thompson Institute under the 
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name Macrosporium sarcinaeforme, but this was later changed by McCallan 

(13). 

Each treatment was applied to four slides with three drops on each 
slide. These slides were incubated in one moist chamber together with one 
untreated slide which was included in order that the volatile effect of the 
compound could be manifested. One chamber containing four untreated 
slides was used as a daily check on the normal germination of the spores 
with no fungicide present. The spores were counted after 18-20 hours’ 
incubation at 26° C. 



H H 

A. 8 QUTNOLTNOL 



B. Metal salt of 8-QUlNOLTNOL 



(\ 8 QUTNOLTNOL STTI.FATI: 

Fro. 1. Striu'tuvnl foniiuliu* of ivj)ri*soiitativi* types of 8 quiiioliiiol eompouiids. 

The method used for determining whether the action of these compounds, 
which at some point permitted no germination, was fungicidal or fungi¬ 
static was similar to that outlined by McCallan and Wellman (14). The 
compounds which were not completely water soluble were suspended in a 
flask, stoppered, and shaken for 20 hours on a reciprocal shaker with a 
2i-inch stroke at 100 cycles per minute. This suspension was then centri¬ 
fuged at 870 times gravity for 5 minutes and the supernatant liquid was 
decanted and used in the same way as the completely water soluble mate¬ 
rials. Spores were introduced into these solutions and tests were made by 
the spore-dilution-drop method to make certain that the solutions were con¬ 
centrated enough to permit no germination. The remainder of the spore 
suspension was allowed to remain in a test tube. If no germination occurred, 
lien the suspension was centrifuged and the spores were washed three 
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times with distilled water. The spores were then brought back to the 
original volume with distilled water and tested again by the spore-dilution- 
drop method. Lack of germinated spores at this point indicated that tlie 
material was fungicidal; whereas, the presence of germinated spores indi¬ 
cated that the material was fungistatic. 

RESULTS 

The results of the tests by the settling tower method are represented in 
figures 2 and 3. The values are an average of 24 counts of 50 spores so 
that each value is actually the percentage germination based on 1200 spores. 
These graphs are plotted on logarithmic-probability graph paper. 

The results of the tests by the spore-dilution-drop method are presented 
in figures 4 and 5 in the same manner as figures 2 and 3 except that the 
concentrations are in parts per million as prepared before the drops were 
put on the slides. 

All of the compounds were tested over essentially the same range of con¬ 
centrations from 0.5 to 1000 parts per million and from 0.01 to 35 micro¬ 
grams per square centimeter. Higher concentrations were impractical be¬ 
cause of the difficulty of distinguishing the spores from the insoluble 
material on the slides. 

In the fungicidal versus fungistatic tests, it was found that 8-quinolinol, 
the copper salt, the halogenated derivatives and their copper salts, and 8- 
quinoliiiol sulfate were fungicidal under the conditions of these tests. This 
is not in agreement with the findings of McCallan and Wellman (14) on 
8-quinolinol sulfate. However, since the 8-quinolinol sulfate used in these 
tests was in a crude form, it is possible that other substances may have in¬ 
fluenced these results. 

The compounds showing vapor toxicity were 8-quinolinol sulfate, 8- 
quinolinol, the magnesium salt, the manganese salt, the zinc salt, the di- 
chloro derivative, and ferric dimethyldithiocarbaraate. This effect w’as 
observed only in a qualitative manner since a quantitative method of mea¬ 
suring vapor toxicity is beyond the scope of this study. These results are 
in agreement with those of Lebduska and Pidra (11). They reported that 
the vapors of 8-quinolinol inhibited the growth of Staphylococcus aureus 
and Bacillus coli in Petri dishes containing one gram of the compound 
and held for 24 hours. 

DISCUSSION 

The data presented do not seem to follow the usual pattern of toxicity 
reactions. All the metal salts of 8-quinolinol (except the copper salt) gen¬ 
erally reduced germination with an increase in concentration only to a 
certain point (figs. 2 and 3). This was then followed by an increase in ger¬ 
mination as the concentration was increased further. The same tendency 
was observed for these compounds in the results represented in figure 4. 
However, the magnesium salt reversed itself after the concentration reached 
180 parts per million and a further increase in concentration resulted in a 
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decrease in germination. The 8-quinolinol and 8-quinolinol sulfate fol¬ 
lowed this same trend in the spore-dilution-drop method but not in the 
settling tower method. McCallan, et aL (15) have reported that certain in¬ 
organic compounds exhibit a departure from a linear dosage-response curve. 
Dimond et al, (3) also reported a dosage-response curve that was not a 
straight line for laboratory tests on tetramethyl thiuramdisulfide. How¬ 
ever, Horsfall (8) implies that when such trends are observed, one should 
first examine his methods carefully. In the case of the data presented the 
same tendency was observed in each of duplicate tests employing two dif¬ 
ferent methods and with each test conducted on different days. The fact 
that repeated tests in which Bordeaux mixture and the copper salt were 
used gave very consistent normal results further reduces the probability of 
these trends being the result of some discrepancy in the methods employed. 

Limited field observations have shown a similar trend in the action of 
the zinc salt when sprayed on peaches as a protectant against brown rot. 
One quarter pound per 100 gal. of water was more effective than one half 
pound, which in turn was more effective than one pound in controlling the 
disease. None of the theories at present seem to adequately explain this 
type of reaction. It may be that the particles formed larger aggregates as 
the concentration was increased, and, as a result, there may have been less 
surface exposed for solution and subsequent reaction with the spores to 
reduce germination. Gortner (6, p. 186) has presented a table showing 
the tremendous decrease in surface area for a specific weight of a sub¬ 
stance as the particle size is increased. These materials are only very 
slightly soluble in water and it is possible that with a decrease in exposed 
surface area through aggregation not so much material would be dissolved 
in concentrated suspensions and thus brought into reaction with the spore 
as in the lower concentrations. Another possibility is that suggested by 
Dimond et aL (3). They pointed out the possibility of a change in reac¬ 
tion phase of a material by dissociation or association so that its toxicity is 
markedly different from the original molecule. If this is true then the 
toxicity curve should be expected to follow the association-dissociation 
curve of the same compound. 

A third possible factor that has been suggested as having some impor¬ 
tance in this reaction is the permeability of the spore at various concentra¬ 
tions of the salts tested. Jacobs (10) cites the work of Osterhout showing 
that certain compounds may cause a definite decrease in permeability of 
plant tissue at low concentrations but that an increase in concentration 
may then cause an increase in permeability to the point where death of the 
tissue would be expected. If reduction in germination is proportional to 
the increase of permeability, then the findings of Osterhout would not ex¬ 
plain the reactions reported here. This does not, however, eliminate the 
possible importance of permeability since the 8-quinolinols may affect per¬ 
meability in a different manner than the compounds used by Osterhout. 

The fact that the compounds showing vapor toxicity are the ones pro- 
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diicing the two-peaked dosage-response curve may be a significant factor in 
explaining these reactions. Further investigation is needed to show if this 
connection is significant and the possible relationship if it is significant. 

The halogenated derivatives of 8-quinolinol as shown in figures 2, 3, 4, 
and 5 produced the same general type of reaction as Bordeaux mixture, 
ferric dimethyldithiocarbamate, and copper 8-quinolinolate (with the ex¬ 
ception of the two di-bromo derivatives) by the settling tower method. 
Copper 5, 7-dibromo 8-quinolinolate did not reduce germination to less than 
60 per cent. The halogenated derivatives were much less effective than 
8-quinolinol or copper 8-quinolinolate in reducing the germination of spores. 
Conversion of parts per million to molar concentration failed to eliminate 
this difference in effect. Thus it is apparent that the substitution of 
chlorine and bromine for hydrogen in the 5 and 7 positions definitely de¬ 
creased the ability of the compounds to reduce spore germination of Stem- 
jyhylium sarcinaeforme. The same was true of the 5, 7-di-nitro 8-quino- 
linol. There was no reduction in germination by this compound at any 
concentration tested. 

This group of compounds responds in a manner different from the 
phenols as reported by Woodward et al. (22) when halogen atoms w^ere 
substituted into these compounds. They found that the toxicity to the 
test organisms employed was multiplied several times by such substitu¬ 
tions into the phenols. 

The loss of toxieity of 8-quinolinol when substitutions of the nitro 
group are made at the 5 and 7 positions suggests that toxicity may be the 
result of a reaction of 8-quinolinol with certain nitrogenous materials vital 
to the organism. If this reaction has occurred before the compound comes 
in contact with the organism, such as in the di-nitro derivative, no toxicity 
would be evident. On the other hand, the substitution of nitro groups or 
halogens may cause a shift in the internal structure of the molecule in 
some manlier so as to change its reaction. 

Copper 8-quinolinolate was found to be considerably more effective 
than any other material tested by the spore-dilution-drop method. The 
8-quinolinol sulfate was slightly more effective in the tests by the settling 
tower method, but even by this method the concentration of complete in¬ 
hibition of germination was the same for both materials. Either material 
was more effective than Bordeaux mixture. The difference is even greater 
than is indicated in figure 2 because of the fact that the concentration of 
Bordeaux mixture is based on the deposit of copper only; whereas, the 
concentration of the other two compounds is based on the deposit of the 
total material. On the basis of parts per million of copper, the concentra¬ 
tion of the copper 8-quinolinolate which will permit no germination is only 
1.4, and the concentration had to be reduced to 0.17 parts per million to 
permit 100 per cent germination. 

McCallan and Wilcoxon (16) in comparing several copper fungicides 
with Bordeaux mixture concluded that fifty years of experimentation with 
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copper compounds have yielded none equal to Bordeaux mixture. They 
also stated that apparently no copper compound has yet been developed 
which has combined high fungicidal values with low phytocidal properties. 



Fig. 2. Dosage-response curve of Stemphylium sarcinaeforme by the settling tower 
method. 

It is possible that copper 8-quinolinolate may eventually compare favorably 
with Bordeaux mixture as a fungicide. In these laboratory studies it has 
shown a definite superiority over Bordeaux mixture in fungicidal activity. 
Various field, tests in Illinois in 1946 have indicated that it has no notice- 
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able harmful effect on apples, grapes, cherries, or tomatoes. No serious 
injury was observed ivlien peaches were sprayed with concentrations of 
} lb. per 100 gal. of water or less. In greenhouse tests no injury was 
observed on beans when they were sprayed three times at weekly intervals 



with concentrations as high as 4 lb. per 100 gal. Furthermore, this com¬ 
pound is only very slightly water soluble and will adhere to foliage for 
several weeks even when exposed to heavy rain. No injurious effect to 
man has been observed. 

The pronounced variations of these compounds in their ability to affect 
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the fungi tested is particularly noteworthy when one considers the chem¬ 
ical similarity of the compounds. Zentmeyer (23 and 24) has advanced 
the idea that the toxic action of 8-quinolinol may be due to its precipita¬ 
tion of the heavy metals essential to the test organism. By adding zinc to 



Fig. 4. Dosage-response curve of Stcmphylium sarcinaeforme by the spore-dilution- 
drop method. 


8-quinolinol he was able to nullify the effect of the S-quinolinol. This 
theory would not explain the superiority of copper 8-quinolinolate over 8- 
quinolinol as observed in these experiments, since the 8-quinolinol would 
, already be saturated with copper. Furthermore, 8-quinolinol is less effi¬ 
cient than the magnesium, manganese, and zinc salts in some parts of their 






1948] 


Mason: Fungicidal Action 


749 


dosage-response curves (Fig. 4). According to Zentmeyer^s theory it 
should be expected that 8-quinolinol would always be more efficient than 
either of its heavy metal salts. 

For compounds showing the type of reactions reported here, it is ap- 



Fio. 5. Continuation of figure 4. 

parent that the L.D. 50 is not a suitable index of comparison. McCallan 
et al, (15) stated that for such compounds the L.D. 95 is a much better 
index of comparison. If the compound shows any promise as a fungicide, 
it is suggested that a determination of the entire range of dosage-response 
and even beyond the point of L.D. 100 is desirable in order to make certain 
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whether there is a double effect as observed in this group of compounds. 
This point should not be difficult to obtain in laboratory tests with a power¬ 
ful fungicide. 

SUMMARY AND CONCLUSIONS 

Fungicidal tests of 8-quinolinol and eleven of its derivatives by two dif¬ 
ferent methods were studied. The results were tabulated and a wide range 
of activity for these chemically related compounds was observed. All of 
the metal salts of 8-quinolinol except the copper salt produced a two- 
peaked curve in their effect on the germination of spores of Stemphylium 
save iiiae forme. 

Tlie substitution of chlorine or bromine atoms for hydrogen in the 5 
and 7 positions was found to reduce the toxicity of 8-quinolinol. This re¬ 
duction in toxicity was also observed in the copper salts of these deriva¬ 
tives. The substitution of nitro groups in the 5 and 7 positions eliminated 
the toxic action of 8-quinolinol entirely. 

Copper 8-quin()linoate was found to be more effective than Bordeaux 
mixture in reducing the germination of spores of Stemphylium sarexnae- 
forme. 

The conversion of concentrations from parts per million to molarity did 
not eliminate the wide variations in concentrations of compounds with dif¬ 
ferent molecular weights necessary to reduce or prevent the germination 
of spores of Stemphylium sarcinaeforme. 

The compounds of this group which at some point permitted no ger¬ 
mination of spores of Stemphylium sarcinaeforme were found to be fungi¬ 
cidal rather than fungistatic. 

From the results of these studies the following conclusions may be made: 

1. These compounds did not produce a straight line dosage-response 
curve as most other compounds do. 

2. The fact that not all compounds followed a straight line dosage-re¬ 
sponse curve makes the use of L.D.’ 50 a doubtful index for comparing one 
fungicide with another, unless the entire dosage-response curve from L.D. 
0 to L.D. 100 has been determined. 

3. The precipitation of the heavy metals by 8-quinolinol so that they 
are no longer available to the test organism does not explain completely 
the toxic action of 8-quinolinol and its derivatives tested in these experi¬ 
ments. 

4. Substitution of chlorine and bromine atoms for hydrogen atoms in 
the 5 and 7 positions of 8-quinolinol did not result in an increase in the 
toxicity of the compound as has been reported for halogen substitutions in 
some phenol compounds. 

5. Of the compounds tested copper 8-quinolinolate proved to be the 
most efficient fungicide, and it was found to have many properties desir¬ 
able in a good plant protectant. 

University op Illinois, 

Urbana, Illinois. 
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PHYTOPATHOLOGlOAL NOTES 


New Hosts for Botrytis Elliptical—Botrytis elliptica (Berk.) Cke., 
the cause of a well-known leaf rot and spot of Lilium spp., was observed 
on two uncommon non-lily hosts in western Washington in 1947. Be¬ 
cause of the potential threat to the expanding bulb and corm industry in 
the Pacific Northwest it is deemed important to briefly point out these 
cases of increase in known host range of this species. The newly noted 
hosts are autumn crocus (Colchicum autumnale L.) which was found in¬ 
fected near Olympia and the following varieties of Gladiolus spp. growing 
near Auburn: Rosa van Lima, Greta Garbo, Bach, Anna Mae, Cave-Cole 
and Jeannie. 

On Colchicum the organism caused severe spotting of the older leaves 
and leaf-tip killing of the younger ones. The spots were circular to elon- 



FlO. 1. Camera lucida drawing x 700, showing spores of Botrytis elliptica and 
apical portions of conidiophorcs with typical branching. 


gate, brown to yellow-brown with pale centers. Grayish-black spore 
masses were found on all affected parts. The numerous conidiophores 
were at first hyaline with pale brown walls, later becoming olivaceous- 
brown. They bore clusters of elliptical to elongate, hyaline, later pale 
brown conidia at their tips (Fig. 1). The conidia measured 17.5- 
35.5 X 10-14(mean size 28.0x10.5/*). 

On Gladiolus spp. the same organism caused a very severe spotting 
on seedling stock, often completely killing the young leaves. The spots 
were numerous, small (2-5 mm. diam.), circular to slightly elongate, 
red to reddish-brown with slightly raised centers (Fig. 2). No fruiting 
structures were observed on the leaves in the field, but isolations showed 
the typical hyaline, elliptical conidia of Botrytis elliptica. The conidia 
measured 20-34 x 10-16 /* (mean size 25 x 11 /*). Inoculation experiments 
using healthy Gladiolus leaves produced the same symptoms described above. 

1 Published as Scientific Paper No. 762, College of Agriculture and Agricultural Ex¬ 
periment Stations, Institute of Agricultural Sciences, State College of Washington, Pull¬ 
man, Washington. 
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The inoculated leaves were incubated in a moist chamber at 20° C. Early 
symptoms appeared after five days. 

The isolates from these new hosts a^ree very closely with published 
descriptions of Botrytis eUipfica. Moore^ states that clusters of elliptical, 
hyaline, later sometimes pale brown conidia measuring 20-25 x 14r--16.5 jx 
(mean 24 x 16 y) are borne on numerous branched eonidiospores, 1-3 
mm. long. Westerdijk and van Beyma'* give the spore sizes as 16-34 x 



Fig. 2. Lesions produced by Botrytis elliptica on seedling stock of Gladiolus sp., 
variety Greta Garbo, x i nat. size. 

10—24 fi. —^Neil Allan MacLean, Department of Plant Pathology, State 
College of Washington, Pullman, Washington. 

Phytophthora Stem Canker of Sesame in Peru .^—Late in 1946 twenty- 
four selections of Sesame, Sesamum indicum L., were received at the Bsta- 
cion Experimental Agricola de Tingo Maria from Centro Nacional de 
Agronomia, El Salvador. The first trial of these varieties was therefore 
during the wet season. Just prior to maturity of the fruits in late Pebru- 
ary, 1947, wilted plants were observed in the lower and poorer drained por¬ 
tions of the plantings and on closer examination extensive stem cankers, 
similar to that shown in figure 1, were found on a majority of the plants 

2 Moore, W. C. Diseases of bulbs. Ministry of Agriculture and Fisheries, Great 

Britain, Bui. 117: 42-46. 1939. ‘ 

3 Westerdijk, J., and P. H. van Beyma. Die Botrytis-Krankheiton dor Blumenzwie- 

belgewachso und der Paeonie. Meded. Phytopath. Lab. Willie Comelin Scholten 12: 
1-27. 1928. 

1A contribution from the Estacion de Colonizacion en Tingo Maria, Peru, a 
technical agricultural service organization for the Orient of Peru, operated jointly by 
the Direccion de Colonizacion y Asuntos Orientalcs, Ministry of Agriculture of Peru and 
by the Office of Foreign Agricultural Relations, TJ. S. Department of Agriculture. This 
study was made possible by funds provided through the U. S. Interdepartmental Com¬ 
mittee on Scientific and Cultural Cooperation and funds from the Peruvian Government. 
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of all varieties. These cankers were not localized in any part of the plant 
but were general from the collar to the tip of the growing point. Girdling 
infections at the collar resulted in complete wilting of the plant while in¬ 
fections on the upper portions usually resulted only in the Joss of laterals 
actually involved in the infected zone. Apparently the leaves or young 
lateral branches served as the infection court, from which the pathogen ad¬ 
vanced to the main stem and caused the stem cankers. These cankers were 
reddish brown with irregular advancing edges, and they spread vertically 



Fig. 1. Phytophthora stem canker, of sesame, showing wilting. 

far more rapidly than horizontally. Dissection of the cankers indicated 
that the pathogen was primarily an invader of cambium and phloem tissue. 
Some infection of the fruits was also observed. 

Pure culture isolations from the advancing margins of cankered areas 
yielded almost entirely a Phytophthora sp. characterized by sporangia 51.0- 
37.4 X 23.8-27.2 averaging 39.7 x 25.5 fi, produced on branching sporangio- 
phores, and oogonia averaging 25.5 fi with paragynous antheridia. This 
Phytophthora sp. is apparently referable to P. cactorum (L. and C.) 
Schroet. 
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All Sesame varieties under trial were inoculated with the Phytophthora 
by placing, in a cut extending through the bark, phloem, and' cambium tis¬ 
sue, a small amount of mycelium from a corn meal agar culture. Ten days 
after inoculation extensive cankers had developed from many of the inocu¬ 
lations. Differences in susceptibility of the various Sesame varieties and 
the greater susceptibility of most of the varieties on excessively wet sites 
as compared to drier sites are shown in table 1. 


TABLE 1.— Length of cankers, in centimeters, ten days after inoculations on varie¬ 
ties of sesame, Sesamum indicum, showing differences in susceptibility of varieties on 
wet and dry sitcs«^ 


Variety** 

TM. No. 

Wet site 

Dry site 

Brazilian 

1452 

15.30c 

2.40 

Natural Indian White . 

1453 

14.70 

5.20 

Indian White No. 2 

1455 

9.30 

1.50 

Indian No. 1 . 

1456 

2.30 

0.00 

Indian FAQ. 

1457 

13.80 

0.40 

Columbian . 

1458 

7.80 

0.20 

Indian Natural . 

1459 

10.30 

2.30 

Brazilian White 

1460 

7.40 

5.20 

Indian No. 2 

1461 

15.20 

3.30 

Guatemala .. . 

1462 

11.10 

0.20 

Nicaraguan . 

1463 

12.20 

1.60 

Bombay White . 

1464 

8.20 

1.80 

Mexican White . . 

1466 

11.20 

6.50 

Java Black . 

1467 

11.70 

2.10 

Mexican . . 

1468 

10.90 

6.20 

Nicaraguan White. 

1469 

12.60 

10.60 

Syrian Reddish 

1470 

1.80 

2.10 

Cliinese Yellow. 

1471 

3.60 

2.90 

Turquestan 2685 
Turquestan 2683 . 

1472 

12.80 

8.10 

1474 

12.30 

8.20 

San Salvador. 

1475 

10.70 

4.50 


« Site differences for the last nine varieties were less pronounced than for the firs 
twelve varieties. 

b Three‘Varieties, Indian White No. 1, China White, and Indian White were earl; 
maturing and could not be included in the test. 

«Inoculations took 100 per cent, each figure represents average of 5 plants inoculated. 

At present the disease, while serious, does not appear to be a limiting 
factor to the growing of Sesame in this region. The greater susceptibility 
of plants on wet sites indicates dry season crops and wet season crops on 
well drained sites should not be too adversely affected by the disease. 

In so far as the writers have been able to determine no similar disease of 
Sesame, caused by a Phytophthora, has been reported from Peru or else¬ 
where ; however a root rot of this species in Santo Domingo caused by an 
unidentified Phytophthora has been reported^ and might possibly be a mani¬ 
festation of the same disease.— ^Bowen S. Crandall and Javieb Dieguez C. 
respectively, Pathologist, OfSce of Foreign Agricultural Relations, U. S. 
Department of Agriculture and Chief, Dept, of Plant Pathology and Ento¬ 
mology ; and Assistant Chief, Department of Plant Pathology and Entomol¬ 
ogy, Estacion Central de Colonizacion en Tingo Maria. 

2 Ciferri, R. Phytopathological Survey of Santo Domingo, 1925-1929. Puerto Rico 
Dept. Agr. Jour. 14: 5-44. 1930. 
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A Technique for Growing Citrus Seedlings under Aseptic Conditions of 
Culture. —The object of devising the method described below was to grow in 
pure culture citrus seedlings to be used for damping-off studies with 
Bhizoctonia solant Kiihn. 



Pio. 1. Method of growing citrus seedlings under aseptic conditions of culture for 
inoculation with soil fungi: A. Glass test tube 6 x J inches, with cotton wick passing 
through hole in bottom, and a larger tube of 8 x 1 inch dimensions containing a short 
glass rod. B. Healthy citrus seedling growing in quartz sand saturated with sterile 
nutrient solution. C. Damped off citrus seedling after inoculation with Bhizoctonia solani. 
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With favorable temperature and soil moisture, citrus seeds usually take 
from 15 to 30 days to germinate. While the seeds can be germinated on 
sterile agar in test tubes, the procedure is less efficient than the one here 
described because of the following handicaps: 1. The surface of the agar in 
a test tube has to be broken before planting the seed; otherwise, after 3 to 4 
days’ incubation at 31°-~33® C., it will become too hard for the young radicle 
to penetrate. 2. The seed does not obtain enough moisture from the agar to 
germinate within a normal time, thus delaying the germination unneces¬ 
sarily. 3. After 15-20 days of incubation at 31®-33° C., the agar has 
shriveled so much that the young roots are found to hang along the walls of 
the test tube, where because of lack of moisture they dry and curl. 

In order to overcome these handicaps and to secure seedlings under sterile 
conditions, agar was replaced with sand. With a blow-torch a hole about 
4 inch in diameter was made in the bottom of an ordinary glass test tube of 
6 X 3-inch dimensions. A cotton-thread wick about 1^ inch long and i inch 
in diameter, and with a knot in one end, was inserted through the hole so that 
the knot rested within the tube (Fig. 1, A). The test tube was filled with 
previously washed and dried fine quartz sand to a depth of 1^ inches. The 
small test tube thus equipped was placed carefully into a larger glass test 
tube of 8 X 1-inch dimensions and having a one-inch piece of a glass rod and 
about 15 ml. of nutrient culture solution in the bottom. The larger test tube 
was plugged with cotton and autoclaved 20 min. at 15 lb. pressure. 

After the contents of the tube are cool, one seed per test tube was planted 
aseptically and incubated at 31°-33° C.^ The sand saturated with nutrient 
culture solution not only supplied enough moisture for germination of the 
seed but also fed the young roots for at least two months during which 
period inoculation experiments could easily be concluded (Fig. 1, B and C). 

This device may also be employed for other types of seeds that require 
a relatively long time to germinate. 

In this apparatus with the nutrient in the pH range, 4.85 to 8.85, and the 
incubation temperature at 25° C., a virulent strain of Bhizoctonia solani 
will damp-off sweet-orange seedlings within 3/to 5 days after inoculation. 

The writer wishes to express his appreciation to Dr. L. J. IQotz for his 
guidance in the preparation of this note.— Inam U. Khan, Division of Plant 
Pathology, University of California Citrus Experiment Station, Riverside, 
California. 

A Method of Testing Beans for Resistance to Bacterial Blights, —A pro¬ 
pram of breeding bush snap beans (Phaseolus vulgaris) with resistance to 
the common blight {Xanthomonas phaseoli [E. F. Sm.] Dowson) and the 
halo blight {Pseudomonas medicaginis var. phaseolicola [Burkh.] Stapp and 
Kotte) has been proceeding at the U. S. Regional Vegetable Breeding Labo¬ 
ratory since 1938. It has resulted in several new garden types, including 
Fullgreen No. 1 and No. 2, B1788, and B2051, now on trial with seedsmen. 

1 Fawcett, H. S. Temperature experiments in germinating orange seeds. California 
Citrogrgph 14: 515. 1929. 
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Fio. 1. Bacterial inoculation of bean leaves. A. Multiple needle inoculators and 
cellulose sponge. B. Inoculation of bean primary leaf. C. A resistant reaction to 
Xanthomonas phaseoh 14 days after use of the multiple needle inoculator. D. A 
susceptible reaction 14 days after use of the multiple needle inoculator. 
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During this'period we have tried many different methods of inoculating 
bean plants to differentiate the various grades of resistance or susceptibility. 
These methods have included high-pressure and low-pressure sprays, seed- 
soaking, seed injection and stem injection with hypodermic needles, and leaf 
abrasion. All were discarded in 1942, and in all tests since then a new 
technique has been employed, which we call the '^multiple needle, primary 
leaf inoculation. 

The multiple needle inoculator was constructed with 90 No. 0 insect 
mounting pins with their head ends imbedded in a block of sealing wax 
(Pig. 1, A). The primary leaf is placed upon a rubber or cellulose sponge 
saturated with bacterial suspension (Pig. 1, B) and two strokes are used in 
passing the inoculator through the leaf into the sponge. The first stroke 
forces the leaf into close contact with the wet sponge and the second stroke 
draws additional inoculum into the leaf. 

Plants are grown in pots and inoculated on about the 14th day, or when 
the first trifoliate leaf is beginning to open. Headings are made 12 to ,14 
days after inoculation, and are based on the amount of breakdown of tissues 
extending from the inoculated area. In order to produce a more uniform 
development of the primary leaves, all terminal and axillary growth is kept 
pruned away. 

The method offers two principal advantages: (1) There are no escapes; 
and (2) it provides a reaction area that can be measured quantitatively 
(Pig. 1, C, D). Also it has emphasized two important environmental in¬ 
fluences on bean reaction to these bligl^ts: (l)At high temperatures (above 
80° P.) all varieties tend to appear susceptible; and (2) abnormally weak 
plants or plants attacked by root rots {Bhizocionia, J^usarhim) tend to have 
an increased susceptibility. 

In a highly blight-tolerant line, a weak plant may be rather susceptible; 
likewise in a very susceptible line, an exceptionally vigorous plant may ap¬ 
pear tolerant. This emphasizes in another way the importance of high- 
quality seed. The beneficial effects of western-grown bean seed may not be 
due entirely to its freedom from blight. Home-grown seed in many districts 
is apt to be weak, improperly matured, poorly graded, and in general will 
give a higher percentage of weak plants that are hyper-susceptible to blights. 

The method described can be adapted to other bacterial diseases of plants. 
—C. P. Andrus, U. S. Department of Agriculture, Regional Vegetable 
Breeding Laboratory, Charleston, South Carolina. 




OXYGEN AND CARBON DIOXIDE RELATIONS OF FUSARIUM^^" 
OXYSPORUM SCHLECHT. AND FUSARFUM EUMARTII CARP.^ 

John P. H o l l i s 
(Accepted for puldication March 3, 1948) 

The effects of different oxygen and carbon dioxide concentrations upon 
fungus growth in soil have been of little interest to plant pathologists as a 
w'hole. Pure culture studies (2) have shown that species in the genus 
Fusarium, like other fungi, are tnlerant of a wide range of oxygen and car¬ 
bon dioxide concentrations. This fact has retarded recognition of the soil 
atmosphere, with its variable constitution in different soils, as playing a 
determinative role in the etiology of root diseases. Particularly is this true 
for diseases caused by species of Fusarium. 

An attempt has been made in the present study to explore the ])()ssible 
effects of varied concentrations of the metabolic gases upon the growth, sur¬ 
vival, and morphology of two species of Fusarium in pure culture and in 
soil apart from their hosts. The results are comi)arative in point of method 
and in the fact that F. oxxjsporum Schlecht. and F. eumartii Carp, are re¬ 
lated taxonomically, physiologically, and pathologically. The purpose of 
this paper is to draw attention to certain physiological differences existing 
between these organisms. These differences have been recorded and evalu¬ 
ated in terms of survival, morphology, and relative growth rates under the 
various experimental conditions. 

Physiological studies have been made of several important ])athogens 
with regard to oxygen (6, 8, 12, 19, 20), carbon dioxide (2, 4, 6, 13), growth 
in soil (1, 7, 9, 11, 24), and forced aeration (5, 7, 10, 18). 

The economic importance of diseases caused by Ophiobolus graminis 
Sacc., Actinomyces scabies (Thaxt.) Gussow and PhymatotrieJmm omni- 
vorum (Shear) Duggar has provoked extensive studies which include the 
soil atmosphere as a possible factor controlling the extent of these fungi in 
particular soils. Here, as with other important soil pathogens, the role of 
soil moisture has been of primary interest. When air content has been con¬ 
sidered, it is generally as a function of moisture content and soil texture. 

Soil distribution studies (14, 15, 16, 17) of certain species in the genus 
Fusarium have been of aid in formulating regional patterns of their ecology 
in limited areas of the globe, but knowledge of distribution of these or¬ 
ganisms in the United States has arisen mainly from reports of diseased 
plants and isolations from soil. Specifically we know of no reasons for the 
natural distribution of F, oxysporum Schlecht. and F. eumartii Carp, in the 
United States. It was lioped that a study of oxygen and carbon dioxide 
rela-tions might yield information on this point. 

iPublishefl with the approval of the Director as Paper No. 438 Journal series, 
Nebraska Agricultural Experiment Station. 

2 Acknowledgement: The writer is grateful to Dr. E. W. Goss for helpful advice 
and criticism during the course of the investigation. 
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EXPERIMENTAL METHODS 

Cultures of Fusarium oxysporum 293 and F. eumartii 257 obtained from 
the Department of Plant Pathology, University of Nebraska, were subjected 
to lowered oxygen tensions and increased carbon dioxide tensions in pure 
culture. Petri dishes, 100 mm. in diameter, containing measured quantities' 
of 2 per cent potato-dextrose agar were inoculated with discs, 6 mm. in 
diameter, of actively growing mycelium. The reaction of the medium was 
standardized between pH 6.6 and 6.8. Growth measurements were recorded 
as the average of two diameters of the fungus colony. 

Lowered oxygen tensions were obtained by using the alkaline-pyrogallol 
method prescribed by Buchner (3). The following equation was devised to 
determine quantities of alkali and acid required fo establish different ten¬ 
sions and accounts approximately for the change in volume of chamber when 
alkaline pyrogallol solution is added. 

.. (V-D) 

^ = -rr 

where: 

V = chamber volume 
n = displacement of air by cultures 
X = ml. 10 per cent KOH 
X 

— = gm. pyrogallic acid 

The initial tensions thus determined theoretically were checked manometri- 
cally and recorded in terms of mm. Hg. Gas analysis tests and amounts of 
nitrogen required to bring the chambers up to atmospheric pressure at the 
end of an experiment were carried out in some cases where the organisms 
ceased growth. 

Limitations of this closed system method are obvious in that the supply of 
oxygen is gradually decreased during a test; however, it is considered to 
approximate certain natural conditions found in the soil more closely than 
the constant aeration method. 

Different carbon dioxide levels were established by collecting measured 
quantities of the gas over water and introducing it into evacuated chambers. 
Exact concentrations were determiiied by analysis of duplicate samples and 
are expressed below^s percentages. 

Growth of the organisms in soil was studied by using mixtures of varied 
composition including sand, sand plus composted soil, composted soil, and 
field soil in glass tubes. Attempts were made to control the air content by 
varying composition, degree of packing, moisture content, and forced aera¬ 
tion. Two types of glass tube^ were used. The smaller tubes, 23 cm. by 
1.6 cm. internal diameter, were plugged at the lower end with glass wool and 
at the upper end with cotton. The tubes containing equal, weighted quanti¬ 
ties of soil were autoclaved for 30 minutes at 15 pounds pressure, then placed 
upright in sterile water or dilute sucrose solution and saturated by capillary 
rise. To insure uniform packing and moisture-holding capacity the tubes 
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were dropped from a stand|irdized heigrht before and after saturation. Even 
listribution of sand particles was secured by rapidly rot at in the tubes. In 
3rder to obtain the desired moisture content, it was necessary to aspirate 
Iry air through the tubes or to place them in a drying oven until the desired 
w^eight of tube and soil was obtained. After inoculation the tubes were 
incubated by placing them upright in a large moist chamber which contained 
9n air inlet plugged loosely with cotton. 

The extent of growth between soil and tube was measured with a dis- 
iiCcting microscope and a millimeter mile and was recorded at weekly in¬ 
tervals. The central two-thirds of the soil cylinder was considered most 
representative of a given moisture level because .of slight drying at the top 
and moisture accumulation at the bottom of the tube. Isolations were made 
Prom the center of the soil cortex. 

Large tubes of 2.2 cm. internal diameter and 25.4 cm. in length were 
used in forced aeration experiments. These tubes were held upright with 
sterile air entering at the lower end. 

All experiments, with one exception to be noted below, were carried out 
under controlled laboratory temperatures of 25® ±: 1.5® C. 

GROWTH, SURVIVAL AND MORPHOLOGY UNDER LOW OXYGEN TENSIONS 

Preliminary tests showed that the growth ratio between the two organ¬ 
isms in air approximated 2 to 1, with Fusarium oxysporum making the more 
rapid growth. Figure 1 shows how this ratio was modified to 4 to 1 when 
both organisms were placed in a large 6.5-liter desiccator from which all 
:)xygen was removed. Sufficient oxygen was dissolved in the medium and in 
water used in maintaining high humidity to permit some growth. Four cul¬ 
tures of F. cmnartii were dead when restored to air. Restoration growth 
was based on 2 cultures. 

Further tests with initial oxygen tensions of 14.6 (two tests) and 
!51.1 mm./IIg. were conducted with the same desiccator. The lower tension 
y^ielded results similar to those given above even when the time of exposure 
was shortened to 6 days. The normal growth ratio of 2 to 1 was maintained 
under a time-tension relation of 8.25 days and tension of 51.1 mm./llg. 
Growth was progressing when the cultures were removed to air. The pres¬ 
ence of oxygen in chambers where growth had ceased could not be detected 
by the methods described above. 

Subsequent tests with Ilempel gas jars and a series of different oxygen 
tensions established simultaneously, j^howed that the growth rate of Fusarium 
oxysporum after removal to air was inversely proportional to the oxygen 
tension imposed at the beginning of the experiment. The explanation of 
this phenomenon as it occurs in invertebrates has been explained by Von 
Brand (25). He attributes it to an oxygen debt incurred by an organism 
during the period of stay in oxygen-poor surroundings, This results in an 
oxygen intake greater than usual after restoration to a normal oxygen ten¬ 
sion. The surplus oxygen is used to eliminate non-oxidized or partially 
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cotton and covered with aluminum foil. All tubes were incubated at 25° C. 
for 13 weeks. Platings showed that all cultures of F, oxysporum were 
viable, whereas all cultures of F. eumartii were non-viable. The experi¬ 
ment was repeated for a period of 3 weeks and yielded identical results. 

Morphological changes induced by hyphal tips of Fusarium oxysporum 
293 growing under low oxygen tension are shown in figure 2, part A. Nor¬ 
mal liyphae are provided for comparison. Both drawings are projection 
copies of photomicrographs. The first culture was placed under an initial 
oxygen tension of 73 mm./Hg. and held for 8 days. Similar growth was 
expressed under a range of oxygen tension-time relations, thus colonies 
started at initial tensions of 12, 31, and 73 mm./Hg. and held for 3, 4, and 
8 days exhibited essentially the same morphologic response. Negative 
results at an extremely low oxygen tension were helpful in showing the 
nature of this response. Cultures placed in a chamber subjected to pro¬ 
longed evacuation at an atmosphere pressure of 0.0003 mm./IIg. and retained 
there for 48 hours had a different morphology. Hyphal branching was 
repressed. The branches were short, averaging less than 10 /x in length. 

Pour types of laboratory media were used in these experiments in addi¬ 
tion to potato-dextrose agar. The morphologic reaction was similar on all 
media tested. 

Interesting observations were made of the recovery phenomenon in 
Fusarium oxysporum after removal of cultures to air. Cultures, seventy-two 
hours old, of F, oxysporum were subjected to an initial oxygen tension of 
43,8 mm./Hg. and held for 3 days in a Hempel gas jar under a gradually 
decreasing tension. Nitrogen was added to make up the bulk of the atmos¬ 
phere in the chamber. Microscopic examination showed that hyphal tips 
began to rupture and extrude their protoplasmic contents 2 hours after the 
colonies were restored to air. Kupturing of tips became more frequent be¬ 
tween 2 and 3 hours after restoration. Normal hyphae began to elongate 
at the expense of their neighbors and growth along the entire margin was 
soon resumed. No rupturing of hyphal tips was observed aft^ 15 hours. 
Morphologic changes of this character could not be induced in F. eumartii. 
All cultures had normal colony margins. 

It was thought this morphologic response in Fusat^um oxysporum 293 
might be common to other species in the section Elegans. Accordingly, 5 
additional isolates* falling into this section and 12 isolates® representing 
forms described by Snyder and Hansen (21, 22, 23) were tested. All re¬ 
sults were negative. F, oxysporum 293 was the only isolate, of any tested, 
which gave a positive morphologic response to limiting oxygen tensions. 
The two additional Nebraska isolates of F. oxysporum have been cultured 
for more than 3 years, while F, oxysporum 293 has been cultured for more 

4 Two isolates of Fusarium oxysporum cuhense from C. H. Meredith, one isolate of 
F. Uni from J. J. Christensen, two additional Nebraska isolates of F. oxysporum, 

5 Forms of all species described, with the exception of Fusarium nivale (Fr.) Ces., 
received from W. C. Snyder. These included three forms each of F, oxysporum and 
F, solani. 



Fig. 2. Drawings of photom 
375 diameters. A.* Morphologic 
B. Normal hyphae in free air. 
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than 10 years and the niorpholoj^ic reaction peculiar to it has been observed 
for more than 6 years. 

An experiment on growth-temperature relations at limiting oxygen ten¬ 
sions and temperatures of 10'', 15°, 20°, 25°, and 30° C. showed no shift 
in the optimum temperature for growth of Fimirium oxyaporum on an arti¬ 
ficial medium. Similarly, no measurable growth was recorded for F. 
eumartiL 

The present data show that Fumrium oxysporum 293 ceases growth at 
an oxygen level well below 1 per cent and survives, while F. eumartii ceases 
growth at a higher oxygen level and dies under the anaerobic conditions 
that follow. While F. oxysporum 293 is utilizing oxygen, beginning at a 
level ranging from 3 to 10 per cent down to less than 1 per cent at the end 
of an experiment, definite morphological changes in the character of hyphal 
growth take place. These changes do not occur in F. eumartii when this 
organism is grown under the same conditions. 

carbon dioxide relations 

Preliminary experiments showed that these organisms were tolerant to 
a wide range of carbon dioxide concentrations. Accordingly, 8 desired con¬ 
centrations ranging from 3.5 to 75.3 per cent were established. The general 
procedure has been described above. 

The experimental unit was a Hempel gas jar containing 3 cultures of 
each organism. Four chambers were available making it possible to run 4 
concentrations in each test. In order to maintain the desired carbon dioxide 
level and to measure daily growth, the concentrations were renewed at 24- 
hour intervals. Each test was repeated twice at nearly equal concentrations 
providing a total of 9 cultures. 

Control cultures were held for each test as indicated. It must be stated 
that concentrations were randomized, i,e., no particular sequence of carbon 
dioxide concentrations was employed in any one test. 

Figure 3 represents the data from 6 successive experiments. The re¬ 
sults show that both organisms ma^c good, measurable growth over a wide 
range of carbon dioxide concentrations. Over the 4-day period the highest 
concentrations reduced growth of Fusarium oxysporum to less than one- 
fourth and in F. eumartii to about one-third of the normal amount, indi¬ 
cating that F, oxysporum is less tolerant .^to high concentrations of carbon 
dioxide than F. eumartii. 

Oxygen was suspected as a limiting factor at the highest carbon dioxide 
concentrations but calculation showed that the oxygen level was about 6.17 
per cent when the carbon dioxide concentration was 75.3 per cent. Previous 
experiments showed that this is not a limiting oxygen value when the mixture 
is renewed daily in a chamber of this size. A generalized conclusion is 
that growth of neither organism can be much affected by the carbon dioxide 
in the soil atmosphere when the concentration is below 48 per cent. At this 
point the growth of Fusarium oxysporum was reduced by half while that of 
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F, eumartii was reduced by only one-third. Figure 3 shows stimulation in 
the growth of F, oxysporum at about 3.5 per cent carbon dioxide. Similar 
responses have been noted by Lundeg&rdh (10) for F, culmorum and Gih- 
herella saubinetii in soil. 



Fig. 3. Comparative growth of the organisms over a 4-day period in pure culture 
at ‘jr» diiferent concentrations of carbon dioxide. 


GROWTH IN SOIL 

Preliminary experiments indicated that growth of the organism in soil 
is stimulated by air pockets. Visible growth in the tubes was especially 
profuse in open areas between soil and tube. This point is well illustrated 
by the results of an experiment conducted with sand of three particle sizes. 
The sand was washed in distilled water and passed through standardized 
screens to yield particles of the following size ranges: coarse, 1-0.5 mm.; 
medium, 0.5-0.25 mm.; and fine, 0.25-0.1 mm. Moisture-holding capacity 
of each size series was determined by saturating 1 tube from each series, 
draining for 2 hours and reweighing. The M.H.C. of coarse sand was 24.8 per 
cent; medium sand, 32.0 per cent; and fine sand, 34.3 per cent. 

The tubes were saturated with a 5 per cent sterile sucrose solution and 
inoculated with a 0.5-ml. aqueous spore suspension. To prevent drying of 
the sand and to limit passage of air into the tubes, parafilm paper was placed 
over the ends and held securely with rubber bands. Three tubes were used 
for each organism and each sand particle size. Growth between sand and 
tube was recorded after 10 to 20 days. No significant differences could be 



1948] 


Hollis : Oxygen and Carbon Dioxide for Fusaria 


769 


seen between growth of the two organisms but total growth in coarse sand 
during the second 10-day period was 15.3 cm.; in medium sand, 1.7 cm.; 
and in fine sand, 0.0 cm. 

An experiment was made in which the independent variable was moisture 
content. A mixture of 60 per cent medium sand and 40 per cent coarse 
compost was adjusted to moisture levels in the tubes of 60, 80, and 100 per 
cent of M.H.C. Agar discs (1.5 cm.) from actively growing colonies were 
used for inoculations. 

The results over a 4-week period were exceedingly variable. No differ¬ 
ences in growth could be detected at different moisture levels but the growth 
ratio between the two organisms at all moisture levels approximated that 

TABLE 1. —Depth of isolations made from center of soil cylinder at conclusion 
of experiment with Fusarium oxysporum and F. eumartii growing in a sand-composted 
soil mixture 

Viability of isolations from different 


Tube 

number 


Percentage 
of M.H.C. 


depths 


Organism 

One-half 

Visible 

1 cm. beyond 




growth 

growth 

visible growth 

No. 

Type 

Per cent 

Viability 

Viability 

Viability 

1 

F. oxysporum 

100 

+ 

+ 

4 

0 

F. oxysporum 

100 


+ 

- 

5 

F. eumartii 

100 

+ 

•1- 

- 

6 

F. eumartii 

100 

■f 



9 

F. oxysporum 

80 


+ 


12 

F. oxysporum 

80 

+ 


+ 

13 

F, eumartii 

80 

+ 

+ 

+ 

14 

F. eumartii 

80 


+ 


17 

F. oxysporum 

00 

+ 

- 

- 

18 

F. oxysporum 

60 

+ 

+ 

+ 

21 

F. eumartii 

60 

•t’ 

+ 

+ 

22 

F. eumartii 

60 

-f 

+ 

+ 


obtained in pure culture. The average weekly increment of Fusarium oxy¬ 
sporum was approximately 20 mm. while that of F. eumartii was about 12 
mm. Table 1 shows the results of isolations made on Burkholder ^s medium. 
Greatest penetration of the soil cortex by both organisms was made at moisture 
levels of 60 and 80 per cent of M.H.C. Bacterial contamination was present in 
tubes held at 100 per cent of M.H.C. A similar experiment was conducted 
using large tubes and forced aeration. Moisture levels in uncomposted top 
soil were 40,60, and 100 per cent M.H.C., which was determined as 53 per cent 
of oven-dry weight. The tubes were plugged with cotton at both ends and 
inoculated with a 1-ml. spore suspension and a 20-mm. agar disc inverted 
on top of the soil columns and covered with moist sterile sand. The aeration 
train for each tube consisted of a concentrated NaOH trap and a water- 
bottle used for regulating the rate of air flow with a screw clamp. This 
arrangement was later used to determine CO 2 evolution by replacing water 
with alkali. 
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Isolations were made from 6 levels in each tube after 24 days onto acidu¬ 
lated and neutral Burkholder’s medium (Table 2). Again, the best pene¬ 
tration was made at medium and low moisture levels. Bacterial contamina¬ 
tion was present again in tubes held at 100 per cent of M.H.C. No 
antagonism between the fungi and bacterial contaminants could be detected 
in pure culture. 

Activity of the organisms in composted soil with a M.H.C. of 37.5 per 
cent was studied by determining carbon dioxide evolution over an 8-day 
period. Moisture content of the soil was adjusted to 48 per cent of M.H.C. 
The tubes were sterilized for 1 hour at 15 lb. pressure on three alternate 
days over a 6-day period. Six of the 8 tubes were inoculated with a 1-ml. 
spore suspension and the remaining 2 were held as controls. After 7 days, 
5 and 15 ml. of sterile water were added to the first two tubes of each series, 

TABLE 2 .—Depth of isolalions made from center of soil cylinder al conclusion of ex¬ 
periment with Fusarinm oxysporum and F, eiimartii yrowing in uncomposted top soil 
under forced aeration 


Viability of isolations 


Tube 

number 

Organism 

Percentage . 
of M.H.C. 



Depth 

(cm.) 






2 

4 

6 

8 

12 

15 

No, 

Type 

Fer cent 



Viability 



1 

F. oxysporum 

TOO 

-1- 

4- 

- 

- 

- 

- 

2 

F. eiimartii 

100 

t 

- 

- 

- 

- 

- 

3 

Control 

100 


- 

- 

- 

- 

- 

4 

F, oxysporum 

60 

f 

t- 

+ 




5 

F. eimartii 

60 

+ ' 

+ 

+ 

- 

- 

- 

6 

Control 

60 

— 

- 

- 

- 

- 

- 

7 

F. oxysporum 

40 

+ 

+ 

1 

+ 

+ 

- 

8 

Control 

40 


-- 

- 

- 

- 

- 


respectively, to determine if this would result in an increase in activity over 
the eighth day. The remaining tubes were weighed to determine water loss. 

The initial rise (Fig. 4) was probably due to the stimulus of inoculum and 
CO 2 trapped in the system at the start of the experiment. Weighing of 
unwatered tubes showed a water loss ranging from 2 to 5 gm. This rep¬ 
resents an average loss of about 13 per cent. This loss, coupled with the low 
initial moisture level, accounts for the low level of activity over the course 
of the experiment. The increase in CO 2 evolution over the last day again 
can be attributed to two factors: CO 2 trapped in the system and increased 
activity of the organisms. 

Growth of the organisms between a glass surface and sand of different 
particle size showed that it is possible to control the rate of growth with 
size of sand particle. The results do not show whether this is primarily 
due to air content or soil space. High nutrient level \yas eliminated as a 
factor because greatest growth occurred in the presence of lowest nutrient 
supply. Tolerance of the organisms to lowered oxygen tensions in pure 
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culture coupled with the results discussed above, suggest that the size of 
soil spaces may be an important factor determining growth in soil. Meredith 
(11) found that Fusarium oxysporum cubense made an average daily growth 
on the surface of greenhouse compost in long glass tubes of 0.47 cm. per day, 
whereas the daily average on clay was only 0.3 cm. Here the effects of 



2 4 6 6 


TIME (DAYS) 

Fia. 4. Carbon dioxide evolution by the organisms in greenhouse compost at approx¬ 
imately 48 per cent of M.H.C. (M.H.C. 37.5 per cent of dry weight). 

air content must have been neglij^ible since the tubes were only half filled 
with soil. Nutrient level and soil space may have determined primarily 
the rates of growth. 

Greater penetration of both unaerated and aerated soil at lower moisture 
levels by Fusarium oxysporum and F. eumartii is more diflScult to explain. 
Higher moisture levels may have limited growth indirectly by cutting down 



772 


PHYTOPATnOLOQY 


I VoL. ;J8 


soil space as well as air content. This could have occurred with swelling 
of the organic colloids and their cementing together with bacterial gum. 
Meredith (11) found that sandy soils permitted greater penetration by F, 
oxysporum cubense than loamy soils. Both soil space and air content may 
have been important in bringing about this difference. 

The organisms used in this study are capable of independent growth 
in the soil similar to that demonstrated by Blair (1) for Rhizoctonia solani 
Kiihn. Growth proceeds primarily through spaces in the soil and along 
solid surfaces. 

mscussioN 

This work has emphasized the tolerance of both organisms to oxygen 
and carbon dioxide. Survival under anaerobic conditions and greater 
relative growth under low oxygen tensions indicate that Ftisarinm oxy¬ 
sporum is a more versatile organism than F. eumartii. 

It is impossible to draw conclusions from the present data relative to 
allied species or forms in the sections Elegans and Martiella. It was seen, 
for example, that a positive morphologic response to lowei-ed oxygen tensions 
by Fusarium oxysporum 293 was absent in 2 other isolates of F. oxysporum 
and in 17 other specties and forms of the genus tested. Different isolates 
of the same species might also differ from one another in their ability to 
grow under low oxygen tensions. 

Nowhere have differences between species and forms of the genus been ex¬ 
pressed as in the work of Reinking and Manns (16,17) and Reinking (14,15). 
The first study (16) located in Honduras and Guatemala included some 15 
soil types comprised mostly of sandy-clay and’loam mixtures. It was re¬ 
ported that 24 different species, varieties, and morphologic forms of the 
genus Fusarium were isolated from surface soil in the areas sampled. The 
greatest number of types were from the section Elegans and 3 of these 
types were found in nearly all surface soils. It is interesting that F. solani 
var. eumartii was found to occur in only a few soil types, but was found com¬ 
monly in isolations from all depths examined. Indeed, they classified this 
organism as a soil inhabitant on the basis of isolations from depths of the 
soil below a half inch. There is little agreement between their findings and 
those presented in this paper. There is, however, agreement between rela¬ 
tive frequency of forms of F, oxysporum and the more widespread occur¬ 
rence of oxysporum wilts as compared with the more sporadic distribution of 
Martiella species and their corresponding root rots. It is generally re¬ 
cognized that oxysporum wilt of potato is more widespread than eumartii 
wilt. 

Reinking and Manns (14, 15) further found that the majority of Fusar- 
imn spp. obtained were isolated in greater relative numbers from light acid 
soils. Concerning the distribution of Panama disease, Wardlaw (26) states 
in part, ‘‘The collective experience, practical and scientific, in Central 
America is that hydrogen ion concentration is the master factor determining 
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the severity of Panama disease, followed by texture/’ Eecently Wardlaw 
(27) reported results of an interesting experiment carried out in Honduras. 
Land which had been removed from cultivation, because of the Panama 
disease (Fusarium oxysporum cubense), was divided into sections and 
flooded for periods ranging from 6 to 18 months. The fungus presumably 
died of oxygen starvation, since control of the disease was secured for as 
long as 6 years after treatment although isolated plants were found to be 
infected after 10 to 18 months. While the present results are at variance 
with this report, it must be remembered that we are dealing with related 
organisms which were tested in two different substrates. The author’s 
own data warrant the speculation that antibiosis may have been important 
in eliminating F. oxyfiporum cAibense from this flooded soil and in line 
with the phenomenon of recovery above, that frequent short periods of 
flooding might be more effective in promoting antagonism to the fungus 
than one prolonged period. Wardlaw further states, '^Tt is considered im¬ 
probable that the method of flood-following will ever be successful in acid 
soils (in which plants succumb readily and in which the fungus may spread 
with great rapidity), but the system is being extended to other areas con¬ 
sidered to be suitable.” The present results suggest that soil space as con¬ 
trolled by texture may be a more important factor in the distribution of 
these organisms than soil air content. More work is needed to separate the 
effects of texture and air content upon fungus growth in soil. 

We cannot account for differences in ecology of the organisms on the 
basis of their reaction to oxygen since both can grow at extremely low 
tensions, but these results indicate that Fusarium oxysporum is better 
equipped for survival as a saprophyte than F. eumartii and that the latter 
organism might tend to die out more readily in a water-logged soil. 

SUMMARY 

1. The effects of different oxygen and carbon dioxide concentrations 
upon growth and morphology of Fusarium oxysporum and F. eumartii 
were studied in pure culture. Growth in sand and various mixtures of sand 
and compost was studied in relation to moisture content, texture, and forced 
aeration. 

2. Fusarium oxysporum had greater tolerance to lowered oxygen 
tensions than F, eumartii, 

3. Sealed cultures of Fusarium oxysporum were viable after 13 weeks, 
whereas those of F, eumartii were non-viable after 21 days. 

4. Both organisms had considerable tolerance to high carbon dioxide 
concentrations. 

5. Fusarium oxysporum 293 exhibited a definite morphologic reaction to 
lowered oxygen tensions in pure culture. 

6. This morphologic reaction did not occur in any of 19 additional 
isolates of the genus Fusarium including 2 isolates of F. oxysporum. 
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7. In an unaerated sand^composted soil mixture nearly ecpial penetration 
was obtained at all moisture levels, with the growth ratio approximating 
that obtained in pure culture. 

8. In both unaerated and aerated soil, greater penetration was obtained 
at moisture levels below saturation. 

9. Under forced aeration in composted soil the organisms were active 
at moisture levels below 48 per cent of moisture-holding capacity. 

Plant Pathology Department, 

Nebraska AGRiGTiLTTiRAii Experiment Station, 

Lincoln, Nebraska. 
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YELLOWS AND NECROTIC RING SPOT OF SOUR CHERRIES IN 
ONTARIO^—DISTRIBUTION AND SPREAD 


R. S. WiLLisoN, G. H. Berkeley and 
G. 0. Chamberlain 

(Accepted for publication March 18, 1948) 

Under one name or another, yellows of sour cherries has been known in 
Ontario and elsewhere for many years. The disease had become widely 
distributed in cherry growing districts before 1939, when its infectious 
nature was demonstrated by Keitt and Clayton (6) in Wisconsin. More¬ 
over, the absence of definite symptoms in late summer makes it difficult to 
propagate yellows-free nursery stock, unless great care is exercised in the 
selection of parent trees. There is, therefore, good reason to believe that 
most of the present plantings of sour cherries have been more or less con¬ 
taminated with yellows from the start. On the other hand, the annual re¬ 
currence of symptoms in late June (7), though varying greatly in intensity 
from season to season, makes it possible to follow with eomparativc ease 
the progress of the disease in an or^.hard over a period of years. 

In Ontario, the first known cases of necrotic ring spot were observed on 
Montmorency cherry in the spring of 1939 (3), and the virus nature of the 
disease was demonstrated soon afterwards. At about the same time, ne¬ 
crotic ring spot, or a very similar disease, ^vas discovered independently in 
various parts of North America (4, 5, 10) on sour cherry or other hosts. 
The symptoms of the disease have been considered in detail elsewhere (1, 
3, 4, 5) and need not be discussed here, except to mention the apparent 
recovery of affected trees soon after infection. Furthermore, indexing ex¬ 
periments (1) have shown that many apparently healthy sour eherry trees 
carr}^ necrotic ring spot in latent form and, on the other hand, that a few do 
not. It would thus appear that this disease, even more than yellows, is 
frequently and unwittingly propagated in the nursery and set out in the 
orchard. Because of the tendency to recovery and the consequent irregular 
occurrence of diagnostic symptoms after the first year of infection, there 
is considerable uncertainty concerning both the actual incidence of necrotic 
ring spot in a given orchard and the rates and conditions of spread, facts 
which could be determined with any degree of accuracy only by the well- 
nigh impossible task of indexing every apparently healthy cherry tree in 
the orchards under consideration. The present paper is an attempt to come 
to some conclusion on these points by means of an analysis of data obtained 
from orchard surveys. 

MATERIAL 

Since 1941, a number of Montmorency cherry orchards, one for yellows 
alone, two for necrotic ring spot alone, and three for both diseases, have 

1 Contribution No. 919 from the Division of Botany and Plant Pathology, Science 
Service, Department of Agriculture, Canada. 
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been under observation for three or more successive years. Each orchard 
was charted to show the known distribution of each disease at the time of 
the first survey and the location of the new cases appearing in each succeed¬ 
ing year. In addition, the distribution of yellows was mapped in five more 
orchards for the first time in 1945. 

INCIDENCE 

The incidence of each disease in the several orchards in the first survey 
and in 1945, as well as the annual increases were calculated as percentages 
of the number of trees per orchard (Tables 1 and 2). Since, for reasons 
already mentioned, the significance of the necrotic ring spot data may be 
open to question, it was considered advisable to submit alternative inter- 

TABLE 1.— Percentages of Montmorency cherry trees in various orchards infected 
with yellows, at the first survey, and becoming infected each year thereafter 


Orchard Age in 
No. 1945 

No. 

trees 

Initial 

incidence 

1942 

New infections 

1943 1944 

1945 

Mean 
increase 
per annum 

Incidence 
in 1945 

1 

15 

432 

22.0« 

3.2 

11.8 

9.7 

20.8 

11.4 + 3.6 

67.5 

2 

8 

288 

3.5 

—b 

— 

1.4 

6.6 

4.0 + 2.6 

11.5 

3 

12 

72 

2.8 

5.5 

4.2 

2.8 

12.5 

6.3 ± 2.2 

27.8 

4 20 

Mean (or- 

138 

9.4 

2.2 

4.7 

2.3 

2.4 

2.9 ± 0.6 

21.0 

(•hards 

1-4) 


9.4 

±4.5 

3.6 

±1.0 

6.9 

±2.5 

4.1 

±1.9 

10.6 

±4.0 

6.4 ± 1.5c 

31.9±12.3 

5 

7 

66 

_ 

_ 

— 

— 

— 

— 

45.5 

6 

10 

180 

— 

— 

— 

— 

— 

— 

27.7 

7 

3 

388 

— 

— 


— 

— 

— 

18.8 

8 

3 

224 

— 

— 

__ 

- 

— 

— 

26.8 

9 

18 

84 

— 

— 

— 

— 

— 

— 

100.0 


Moan incidence in 1945 (orchards 1-9) . . .. 38.5 ± 9.5 


a In tables 1 and 2 initial incidence is for the year immediately preceding the first 
record of new Infections, e.g,, in orchard 2, the incidence of yellows was 3.5 in 1943. 
b —, No records taken, 
c Mean of all readings of new infections. 

pretations, each serving as a check on the other. The first interpretation, 
based on the assumption that new cases arose in the year in which symptoms 
were first detected or suspected, gives what might be termed ‘ ‘ apparent an¬ 
nual spread.' ^ If, however, the severity of the observed symptoms is taken 
into account, as befits the known characteristics of necrotic ring spot, the 
^‘probable annual spread’’ can be computed. For this purpose, the few 
trees in which infection was only suspected were regarded as “healthy,” 
while those exhibiting only mild symptoms were classified as having been 
affected before the surveys began and those with severe or moderately 
severe symptoms as representing the new infections. Since neither inter¬ 
pretation solves the problem of the health status of the trees in which no 
symptoms were observed, only the “minimum incidence” of necrotic ring 
spot in each orchard can be known. The assigned values of minimum in- 
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TABLE 2.— Percentages of Montmorency cherry trees in various orchards^ Tcnown to 
he infected with necrotic ring spot at the first survey^ and becoming infected each year 
thereafter 

Apparent incidence and spread* 

Orchard---— —- ---- 


No. 

Initial 

incidence 

(minimum) 

1942 

New infections 

1943 1944 

1945 

Mean 
increase 
per annum 

Incidence 
in 1945 

1 

42.8 

_ 

- ■ 

11.3 

5.8 

8.6 + 2.8 

60.0c 

2 

42.0 

— 

— 

7.0 

13.5 

10.3 + 3.2 

62.5 

3 

4.2 

20.8 

25.0 

22.2 

0.0 

17.0 + 5.7 

72.2 

5 

27.3 

— 

18.2 

9.1 

3.0 

10.1 + 4.4 

57.6 

6 

17.8 

— 

— 

12.2 

9.4 

10.8 ±1.4 

39.4 

Mean 

26.8 

20.8 

21.6 

12.4 

6.3 

12.1 ±2.1 

58.3c 


±7.3 


±3.4 

±2.8 

±2.4 


±5.4 


Pro!)able incidence and spread*^ 


Orchard 

No. 

Initial 

incidence 

(minimum) 

1941 

New infections 

1942 1943 

1944 

1945 

Mean 
increase 
per annum 

Incidence 
in 1945 

1 

34.5 

_ 

_ 

14.6 

5.8 

1.8 

7.4 + 3.8 

56.7c 

o 

24.6 

— 

— 

19.5 

5.2 

6.6 

10.4 + 4.6 

55.9 

3 

29.3 

5.5 

18.0 

13.9 

5.5 

0.0 

8.6 + 3.2 

72.2 

5 

16.7 

— 

24.2 

6.1 

6.1 

3.0 

9.9+ 4.8 

56.1 

6 

26.7 

— 

— 

0.0 

3.3 

6.1 

3.1 ±1.8 

36.1 

Mean 

26.4 

5.5 

21.1 

10.8 

5.2 

3.5 

8.1 ±1.6 

55.4c 


±2.9 


±3.1 

±3.4 

±.5 

±1.3 


±5.7 


«Infections date from year in which any symptoms were first observed. 

Infections date from year in which severe symptoms occurred; trees with mild 
symptoms classified under initial incidence. 

c Calculations of apparent incidence and spread in'clude suspected cases; those of 
probable incidence and spread do not. 

cidence for any year would of course vary according to the interpretation 
of the data. On the other hand, comparison of the two points of view is 
of value in considering the rate and manner of spread. 

Since both diseases are infectious, it was thought that the amount of 
disease present in an orchard at any time would have an important bear¬ 
ing on rate of spread. Accordingly the incidence of each disease in indi- 

TABLE 3,— Coefficients of correlation between the percentage of diseased trees in 
an orchard in ayiy one year and the percentage of new infections appearing the next year 

Disease A* ** Bb 

Cherry yellows 0.729 (Ipereent)c 0.815 (< 1 per cent) 

Necrotic ring spot 

(apparent spread) . -0.656 (2 per cent) -0.331 (25-30 per cent) 

(probable spread) ... -0.503 (3 per cent) -0.276 (25-30 per cent) 

* Correlations using percentage increases calculated in terms of the number of trees 
in the orchards (See tables 1 and 2). 

b Correlations using percentage increases calculated in terms of the number of 

**healthy'^ trees available for infections. The percentages of previously diseased trees 
were the same for both columns. 

c Level's of significance. 
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vidual orchards in each year was correlated with the corresi)ondinj^ amount 
of spread in the next year (Table 3). The first column of coefficients was 
calculated from the information given in tables 1 and 2. However, the 
fact that the percentage of trees to which the disease can spread in a given 
orchard decreases automatically as the incidence rises, tends to give those 
correlations a negative bias. To correct this tendency, incidence was also 
correlated, as shown in the last column of table 3, with percentage in¬ 
creases calculated in terms of the number of trees remaining ‘^healthy’’ 
the previous year (Table 4). 

With yellows, there was a wide variation both in incidence from orchard 
to orchard and in the rates of spread in different orchards and seasons 
(Tables 1 and 4). It might be expected that older orchards would be 
more severely attacked than younger ones, but the 1945 incidence of yellows 
was not significantly correlated with age of orchard. Also, the rates at 
which the disease increased were independent of the age factor. Similar 
results were obtained by Keitt and Clayton (7), who reported an average 
increase of 3.5 per cent per annum in five orchards during the year 1936 
to 1940. It is scarcely necessary to point out that the current percentage 
of affected trees in an orchard depends not only on the length of time to 
which the trees have been exposed to infection, but also on the number and 
location of diseased trees set out with the orchard, on the presence or ab¬ 
sence of other sources of inoculum, on the nature and prevalence of the 
disseminating agent or agents, and on other factors which may influence 
the annual rate of spread. The highly significant correlation between the 
amount of spread and the amount of disease previously present (Table 3) 
indicates that the probability of the spread of yellows from tree to tree 
increases with the number of sources of infection and confirms by infer¬ 
ence the view that trees which do not exhibit symptoms may be presumed 
yellows-free. On the other hand, since the average annual rates of increase 
per orchard-were not proportional to the initial observed incidence (Tables 
1 and 4), the rate of spread of yellows in an individual orchard was evi¬ 
dently modified by some other factors of local significance. 

The successive patterns of distribution of yellow^s-infected trees in each 
block (Pig. 1) provide some evidence that the relative position of sources 
of infection in an orchard can also play an important part in the later 
history of the disease in that orchard. For example, the diseased trees, 
at the time of the first survey in 1941, were massed along the north side 
and towards the west end of orchard 1 (Pig. 1). In orchard 2, a younger 
block adjoining the south side of orchard 1, the first diseased trees were 
mostly scattered singly and at random. Here the average increase of 
yellows per annum was much less than in orchard 1 (Table 1). The later 
surveys showed that new infections in both blocks tended to arise with 
greater frequency to the east and south of potential sources than to the 
west and north. There also appeared to be some easterly and southerly 
drift of infection from the older orchard to the adjacent half of the 
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younger one. In orchard 3, in which a relatively rapid increase occurred, 
the first new infections appeared to the north of one of the original sources 
(Fig. 1). These possibly came from an adjoining sweet cherry orchard 
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Fig. 1. Diagrammatic maps of four Montmorency cherry orchards showing the 
distribution of cherry yellows at the time of the first survey and the location of new 
infections observed during each subsequent survey. 


to the west, in which there were scattered a few sour cherries. A group 
of diseased trees was thus established in the northwest corner, so that con- 
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ditions here became similar to those in orchard 1. The eastward and south¬ 
ward drift of infection became apparent in the third and subsequent sur¬ 
veys. Orchard 4 is of particular interest, first, because it had the lowest 
rate of spread, in spite of its beinj? the oldest planting and having the sec¬ 
ond highest initial incidence, and secondly, because the situation here was 
almost the reverse of that in orchard 1. The original sources of infection 
in this orchard were evidently distributed along its southern edge and the 
spread of infection into the interior of the orchard was comparatively slow 
(Fig. 1). If it is taken into consideration that, in this region, tlie pre¬ 
vailing winds are from the ^vest to southwest and that the strongest winds 
most frequently blow from the northwest, it would appear that the location 
of infection sources with respect to the prevailing winds, as well as the 
number and degree of concentration of sources, had some influence on the 
rate at which cherry yellows spread through the several orchards under 
survey. That is to say, the disease tended to increase more rapidly where 
the sources of infection happened to be located on what was usually the 
windward side of the orchard than where they were located on the lee¬ 
ward side. 

The foregoing observations suggest that an insect vector whose move¬ 
ments can be influenced by air currents is likely to be of major significance 
in the dissemination of cherry yellows in an established orchard. If so, 
local and seasonal fluctuations in vector populations could exert further in¬ 
fluence on rates of spread of yellows in different years and localities. 

That the intensity and prevalence of symptoms of cherry yellows de¬ 
pends mainly upon the temperatures prevailing during leaf development 
in sour cherry trees was demonstrated by- Keitt and Moore (8) in green¬ 
house experiments. Mills (9) has also shown that variation from year to 
year in the degree of symptom expression of yellows in the orchard can be 
correlated with the temperatures obtaining during the 30-day period fol¬ 
lowing petal-fall. Consequently, seasonal differences in the annual increase 
of yellows can be to some extent attributed to the fact that in some years 
symptom expression may be partially suppressed. In 1944, for example, 
some new cases could easily have been overlooked and so might not appear 
in the records until the following year. On the other hand, since symp¬ 
toms were both prominent and prevalent in 1941 and again in 1945 and 
only slightly less so in 1942 and 1943, it is reasonable to conclude that the 
ass(‘ssmeut of the yellows status of the various orchards is substantially ac¬ 
curate for the complete survey period, and for most of the individual years 
concerned. 

Necrotic ring spot incidence appears to differ from that of yellows in 
several respects. In the first place, both initial and current percentages 
of trees affected with necrotic ring spot were higher in most individual or¬ 
chards as well as in average and, besides, varied less widely from orchard 
to orchard (Table 2). This would suggest either that more trees were af¬ 
fected with necrotic ring spot than with yellows at planting time or that 
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the former disease spread with greater rapidity. At the pre.seiit stage of 
investigation there is no way of ascertaining the full effects of the first 
assumption, except by deduction, though it has some foundation as shown 



Fig. 2. Percentages of cherry trees, in various orchards, infected with yellows and 
with necrotic ring spot in successive years. The curves for necrotic ring spot are based 
on figures for probable spread and adjusted to allow for the occurrence of masking. 

by comparison of the number of groups of diseased trees (Table 6). The 
possibility that necrotic ring spot spreads more rapidly than yellows ap- 
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pears to be confirmed by the data given in table 4, since, on the average, 
only 8.9 per cent of the healthytrees became infected with yellows^each 
year and between 13.2 and 19.0 per cent with necrotic ring spot. These 
comparisons, however, may not be altogether valid for reasons which are 
developed later. In the second place, the rates of spread of necrotic ring 
spot were correlated negatively, instead of positively, with the prevalence 
of infective sources (Table 3). This inversion of correlation, which is con¬ 
trary to what would normally be expected of an infectious disease with a 
relatively high rate of spread, and the contingent progressive falling off of 
the annual increase in most of the orchards (Tables 2 and 4) are only un¬ 
derstandable in view of the masking of necrotic ring spot and of the con¬ 
sequent probability that a considerable proportion of the “healthy^’ trees 
were infected before the survey began. Furthermore, if the probable in¬ 
cidence per annum is plotted for individual orchards (Fig. 2), the re¬ 
sultant graphs, except that for orchard 6, take the shape of the upper i)art 
of a characteristic sigmoid curve. This type of curve also indicates the 
probability that neerotic ring spot infection in four of the orchards was 
approaching the saturation point by 1945.^ In accordance with this hy¬ 
pothesis, the positions of the curves (Fig. 2) have been adjusted, where 
adjustment appears to be warranted, to bring the 1945 incidence above 95 
per cent (Table 5). The corresponding curves for yellows incidence, and 
for necrotic ring spot incidence in orchard 6, (Fig. 2) are typical of the 
lower or middle parts of sigmoid curves, in agreement with the compara¬ 
tively low or medium degrees of infection observed. The probable spread 
associated with the adjusted incidence of necrotic ring spot (Table 5) is 
several times that associated with the observed minimum incidence (Table 
4) and shows a significantly positive correlation with the adjusted inci¬ 
dence of the previous year (Table 5). Thus it would appear that the 
rates of spread, whether as percentages of the total number of trees or as 
percentages of previously ‘‘healthy'' trees, is not the same for different 
levels of infection. It is therefore doubtful if any mean rate of annual 
increase can be established for either disease. Certainly comparisons 
should not be made without considering incidence levels. The possible 
effects of prevailing winds on the spread of necrotic ring spot were ob¬ 
scured by the wide distribution throughout each orchard of groups of trees 
known to be diseased at the time of the first survey. 

DISTRIBUTION OF DISEASED TREES IN ORCHARDS 

In their studies of the distribution of psorosis in citrus orchards. Bitan- 
court and Fawcett (2) devised means of analysing maps compiled in single 
surveys. By this means they deduced, as they were later able to demon¬ 
strate, that psorosis may be transmitted in the orchard by natural root 

2 In support of the hypothesis that 4 of the 5 orchards were close to the saturation 
point for necrotic ring spot, it may be noted that in 1947 the incidence of new infections 
ranged from 0.0 to 0.5 per cent (of totals) in orchards 1, 2, 3, and 5, but was 10.8 per 
cent in orchard 6. 
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grafts. In their method of analysis, the average number of diseased 
trees at certain distances around each diseased tree was compared with the 
average number of diseased trees at the same distances around healthy 
trees. This was done in order to disclose possible patterns of spread from 
sources introduced unknowingly into the orchard at planting. The dis¬ 
tances involved were 1 L, 1.4 L, 2 L, and 2.8 Tj, where L is the planting 
distance. In the present studies 2.2 L and 3 L + were also included. The 
relative positions of trees at these distances from a central tree are shown 
in figure 3. However, the method of analysis was modified to take ad¬ 
vantage of data obtained in a series of surveys. Prom information of 
this type it was possible to calculate for each disease not only the percen¬ 
tage of diseased trees at each distance from the nearest source, but also 
the percentage of ‘‘healthy” trees both available for later infection and 
becoming infected at these respective distances. It should be understood 
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2.2 2 2.2 
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Fig. 3. Location of trees at various distances 1 L to 2.8 L from a central tree, S, 
where L = planting distance. All trees outside this pattern are classified as 3 L H. 


that, in presenting the results of this analysis it is intended to show the 
probability of occurrence of spread over various minimum distances and 
not to imply that spread invariably followed the patterns indicated. 

The distributions of diseased and “healthy” trees, with respect to the 
nearest diseased tree, in the various orchards at the time of the first survey 
are presented in table 6. The relatively high percentages of diseased trees 
adjacent to each other are interpreted as evidence of short distance spread 
taking place before the surveys began and resulting in groupings of af¬ 
fected trees, particularly where incidence was low, for example, the group¬ 
ings of initial yellows infections in orchard 4. It should also be observed 
that the opportunities for short distance spread to “healthy” trees become 
more and more prevalent as more trees become infected (Table 6). High 
percentages of diseased trees at 3 L+ may arise either from spread or 
from the distribution of trees infected when set out, for example, yellows 
in orchards 2 and 3. 

The probable distribution of spread can be determined with greater ac¬ 
curacy by considering the relative frequency with which new cases occur 
at vai*ious distances from the nearest source of infection in the second 



TABLE 6 .—Percentages of diseased and of healthy trees to he found at different distances from the nearest diseased tree, and the number of 


1948] 


WiLLISON ET. Ali. : ViROSES OE SoUR ClIERRY 


787 



I'- CO Cl O O rH O 

o QO ai o o 00 00 o’ 

r-l »0 CO fH 


CO CO o rH iq o o 
CO id o o’ CO* CO o' o 


o oi o t- iq Ci iq o 
rH o' o’ oi oo’ o 6 id o’ 


t>. CO cq 00 rH iq rH Cl o 
ci oi od ci f-i 00 ci ci o 


00 I- cq Ci iq iq o 
t'^cirHoicdrHoiaio 

rH rH j-H r-t rH r-l 


OiOl'rlJOcqMJClrHO 
00 rH rH l- ci 00 1 '^ Oi O 
TjHrHrHrHt^lOrf'lC 


rH O O t- O O I- O O 

<m’ o o I- o’ o’ ci o' o’ 

O 


OOOOOOrHOO 

o’ O O* o’ O O 'Sj- o’ o’ 


rHOOCqOOiqcOO 
rH o o o o ci id cd o' 


coooi'.ocqC'icoo 
o o o o ci od cd o' 

Cl rH 


l-OOOOOOCOO 

'^ooooodrHcdo 

r-1 rH Cl rH iH 


00 o o <q o o iq o o 
id o c> o od od o’ o’ 
I'- CO oo 00 00 o o 


OO<MT*<O>C 0 OrH«». 

Cl rH Cl Cl 


oiqoq''*<iOb-oqoqo 
Cl CO ci 05 id od o’ o’ 

Cl <M rH d o 


rHdCO'^lOOb-OOOl 


i>; oq o Cl 00 
d rH d od o 


cq iq o 00 o 
d o’ o’ rH d 


iq o C5 cq iq 
Cl Tli cd Hji 


cq 00 05 rH «q 

id od cd 05 o' 


00 o cq 00 

cd rH rH ci 
rH Cl Cl Cl Cl 


I’,, cq cq 00 -Hj 

cd rH d rH rH 
CO L'- CO 


o iq o o 

o’ rH 05 d o’ 


O O O rH 

d d d d ci 


O rtj iq rH Cl 
d rH 05 05 cd 


!>. o O O O 

d d d 


I-. t-. 00 cq t-. 
d ci cd 1 -^ cd 

rH rH Cl d rH 


05 iq Cl cq o 
cd 1-^ cd id 
00 ira CO 


oo 05 05 CO 
CO rH rH 


o 



iq cq Cl i>- cq 
rjj 05* cd cd 
CO d d rH d 


535 




C5 




rH d CO lo CO 


e« 


L = planting distance between trees. (See figure 3.) 




788 


Phytopathology 


[VoL. 38 


and snbsec^ueiit surveys (Pig. 4). New yellows infectious can appear at 
any of the specified distances, but the frequency with which they do is 
not proportional to the available opportunities but rather drops off mark¬ 
edly as the distance from possible sources increases (Pig. 4). Records for 
individual orchards, with a few variations in details, also tend to conform 
to the general rule. It may be concluded therefore that yellows tends 
to spread more readily to adjacent trees than to the more remote ones. 
However, in spite of this tendency, 47.8, 39.5, and 51.0 per cent of the 
healthy trees at present adjacent to diseased trees in orchards 1, 3, and 4, 
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Pio. 4. Percentages of “healthy” trees (A) available for infection, percentages of 
new cases (D) and the percentage of healthy trees (D/A) becoming diseased, at each 
interval from the nearest source. 


respectively, have occupied that position for three or more years. It 
would thus appear that transmission of yellows by natural root grafts (2), 
though a possibility, is not a common occurrence. The evidence obtained 
from the analysis of distribution of spread, taken as a whole, supports the 
view that cherry yellows is disseminated in the orchard mainly by a vector, 
the movements of which, besides being influenced by wind, are habitually 
restricted to single trees, but which may migrate occasionally from one 
tree to the next and less frequently to more distant ones. It seems rea¬ 
sonable also to conclude that the vectors are neither numerous nor prolific, 
otherwise a greater frequency of tree to tree migration and consequently 
a more rapid increase of the disease could be expected. It might be 
pointed out that some species of leaf hopper and aphids could fulfill the 
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necessary requirements. A somewhat similar conclusion was reached by 
Keitt and Clayton (7) who, after an entirely different approach to the 
problem, have reported the probability that leaf hoppers (Cicadellidae) 
may be vectors. Investigations are now in progress to determine and es¬ 
tablish these points. 

If the analysis of spread of necrotic ring spot is taken at its face value, 
the results indicate that this disease has a wider range of spread than 
yellows. The curve showing the percentage of new cases at each distance 
from the nearest diseased tree is virtually identical with the corresponding 
curve for ‘‘healthy” trees available for infection (Pig. 4). This in itself 
suggests that the frequency of new infection at any distance from source 
is directly proportional to the number of opportunities available. The 
same conclusion may be drawn from the curve for the percentage of 
“healthy” trees becoming diseased in each category. It may be noted in 
passing that the 100 per cent point reached at 2.8 L in this curve is purely 
fortuitous since there were only two trees in the category and both of them 
happened to become infected. Before accepting the above-mentioned con¬ 
clusion and its corollary that different types of vector are responsible for 
the spread of necrotic ring spot and yellows, it should be remembered that 
the same distribution in the orchard could be obtained with a more limited 
range of speed, providing a number of apparently healthy but actually 
diseased trees were scattered through each of the orchards. Since there 
is good evidence, already submitted, for believing this condition to be ful¬ 
filled, it is considered to be the major part of the explanation for the ap¬ 
parent distribution of spread of necrotic ring spot. Thus there is at pres¬ 
ent as much reason for concluding that the means of dissemination of 
necrotic ring spot are very similar to, if not the same as, those of yellows, as 
there is for concluding that they are different. 

OVERLAPPING INCIDENCE 

The fact that yellows has seldom if ever been transmitted unaccom¬ 
panied by indications of the presence of necrotic ring spot has given rise 
to the idea either that the two sets of symptoms may be phases of the same 
disease or that symptom expression of yellows in sour cherries may occur 
only when the tree is infected by a mixture of the yellows and necrotic- 
ring-spot viruses. Accordingly the frequencies with which each disease ap¬ 
pears alone and in combination and of the orders in which infection with 
each disease occurred in mixture have been determined (Table 7). In 
most of the orchards more than half of the total number of trees known to 
be diseased were infected with necrotic ring spot alone and considerably 
less than half appeared to be infected with yellows alone. Also, about 
two-thirds of the trees known to have necrotic ring spot did not have yel¬ 
lows while half the trees that had yellows were not known to have necrotic 
ring spot. Since a substantial proportion of the trees showing symptoms 
of only one disease had been infected for four or more years, it would 



790 


Phytopathology 


[VoL. 38 



^ ^ 

irs ^ ^ ^ ci 

>14 ^ < 2 ) 


<M «3i CO CI »0 CO I'* 
Oi *0 r-l r—I rH CO 
04 rH f-l CO 


^ ^ ‘O lo '^4 <:> 

^ <:S 


<3^ CO >14 •-'^ CS 

03 'o Qo ^ ®o c> 

^ <30 <0 


04 2s. <:3 

Co Qo 


CO rtl O 
t'-. 04 O 
CO 01 CO 


I-O 

s 

♦H Q> 


*>5 oq <::> 

®0 Co Qi 

Co eo 


Oi Q) C 2 ) 

°9 ^ S 


»0 

>14 <:i 
Go CO 



CQoq ^ 
I 
H 


Gq o. 

2s.’ '^.'i cS 

>H Ci> 


Qi Ci 

oo* 

2s. 04 c;r> 


Go Co Q:> 

‘o >n c> 






1948] 


WlLLISON ET. AL.: ViROSES OF SoUR ChERRY 


791 


appear that necrotic ring spot is not necessarily a phase of yellows. That 
yellows can occur without necrotic ring spot is not deducible from the per¬ 
centage of trees showing only yellows symptoms because necrotic ring spot 
may be masked in many or all such cases. But it is indicated as a possi¬ 
bility by the small percentage of cases in which yellows symptoms were 
observed for two or three years before the appearance of severe or acute 
symptoms of necrotic ring spot. The evidence on the whole favors the 
theory that the two diseases are caused by different viruses and can occur 
independently but the possible effect of necrotic ring spot on symptom ex¬ 
pression of yellows has yet to be completely determined, if and when the 
casual viruses are separated. 

Because of the potentially wide distribution of necrotic ring spot at 
planting time, it is to be expected that new yellows infections in orchards 
would, in the ordinary course of events, occur more frequently in trees 
already affected with necrotic ring spot than in healthy ones. In 26.4 per 
cent of the cases where necrotic ring spot preceded yellows, acute symp¬ 
toms of the two diseases appeared in successive years. Some of these cases 
should perhaps be regarded as simultaneous or coincidental infections with 
the two viruses, since yellows symptoms are known to be sometimes delayed 
until the second year after infection. For the same reason, in some of the 
cases where acute symptoms of both diseases appeared in the same year, 
yellows infection could have occurred first. Infections with both viruses 
in the same year could be brought about either simultaneously by the same 
vector or accidentally by different vectors, but further evidence is neces¬ 
sary to substantiate either conclusion. 

summary 

Annual surveys have been conducted in several sour cherry orchards 
over a period of years to determine the incidence, the distribution of old 
and new cases, and the rates and conditions of spread of cherry yellows 
and necrotic ring spot. The problem is complicated by the tendency for 
the latter disease to become masked in course of time. Analysis of the 
data indicates that a greater percentage of trees are likely to be infected 
with necrotic ring spot than with yellows when an orchard is set out, that 
rates of spread are largely determined by initial incidence and by the 
relative position of affected and ‘‘healthy’’ trees at planting, and that 
little fundamental difference in the rates and manner of spread of the two 
diseases can be expected even when apparent differences are considerable. 
Cherry yellows tends to spread more frequently to adjacent than to more 
remote healthy trees and its dissemination appears to be influenced to 
some extent by prevailing winds. It is suggested that yellows may be 
carried from tree to tree mainly by an insect vector which only infrequentl'' 
moves from one tree to another and whose movements at such times ma^ 
be affected by air currents. 

In each orchard surveyed, some trees showed symptoms of only one of 
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the diseases, some, symptoms of both, and some were apparently healthy. 
Since the symptoms of yellows appear annually and those of necrotic ring 
spot may become masked, trees showing only the latter may be presumed 
yellows-free, but trees showing only yellows symptoms may also have ne¬ 
crotic ring spot. In cases where trees are known to have both diseases, 
necrotic ring spot most frequently preceded yellows, but sometimes yellows 
appeared before or at the same time as necrotic ring spot. 

Dominion Laboratory of Plant Pathology, 

St. Catharines, Ontario, Canada. 
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BROWN STEM ROT OP SOYBEAN 


William B. Allinoton and Donald W. Chamberlaini 
(Accepted for publication March 15, 1948) 

Brown stem rot of the soybean {Olycine max (L.) Merrill) was first dis¬ 
covered in 1944 in central Illinois (1). Since that time it has become one 
of the most important diseases of the soybean crop throughout Illinois and 
is becoming increasingly important in Indiana, Iowa, Missouri, and Ohio. 
A short description of the disease has been given by Allington (1). Presley 
and Allington (3) identified the causal organism as a member of the genus 
Cephalosporium, but made no species identification. It is the purpose of 
this paper to describe the causal organism and to report the results of 
current studies on the disease. 

SYMPTOMS 

The first sj^mptom of brown stem rot usually appears in July or early 
August in Illinois. At this time infected plants show no external evidence 
of the disease. When the stems are split longitudinally, however, a brown 
coloration of the pith and vascular elements is plainly visible, extending 
upward from the base of the stem (Pig. 1, E). In seasons which are un¬ 
favorable for disease development, only the internal stem symptoms may 
be found. At first the browning extends but two or three inches above the 
soil line, more prominent at the nodes. Later, under conditions favorable 
for the disease, the browning becomes continuous throughout the stem. Ex¬ 
ternal symptoms of the disease usually appear in late August or the first week 
in September when a sudden blighting and drying of the leaves is noted. 
The onset of this phase is so rapid that the farmer often suspects frost dam¬ 
age. The leaf tissues adjacent to the veins remain green while the inter- 
veinal portions die (Pig. 1, A). Prom a distance a badly infected field ap¬ 
pears brown as contrasted with the yellow-green of a normally maturing 
field. 

The severity of the final effects of brown stem rot depends somewhat upon 
weather conditions at the time of harvest. If warm, dry weather prevails, 
infected soybeans may be harvested with little loss. However, under con¬ 
ditions of low temperatures before harvest time the weakened stems lodge 
badly and substantial losses occur because of mechanical difficulties in har¬ 
vesting. When harvest is delayed by unfavorable weather or other factors, 
losses are greatly accentuated since the weakening of the stems with sub¬ 
sequent lodging continues until harvest. 

THE PATHOGEN 

Macroscopic Characters. The macroscopic characters of the pathogen 
are, unless otherwise stated, those observed in 14-day-old cultures on 2 per 

1 Pathologist and Agent, respectively, Division of Forage Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, located at Urbana, Illinois, in 
cooperation with the Illinois Agricultural E'lperiment Station. 

793 




Fio. 1. Symptoms of brown stem rot of soybeans and characters of the causal or¬ 
ganism (Cephalosporium gregatum n. sp.) observed in pure culture. A. Leaf symptoms 
observed in late fall. B. Conidial heads in pure culture produced on soybean-stem agar. 

conidiophores and conidia observed in pure culture on soybean-stem agar 
D. Three-weeks-old culture on potato-dextrose agar. E. Brown coloration in vascular 
system and pith of naturally infected field plant. F. Longitudinal section of vessel in 
stem showing fungus mycelium in vessel. G. Aerial view (altitude 600 ft.) taken in mid- 
September showing sharp line of demarcation between diseased and healthy portions of a 
soybean field, resulting from crop rotation. Bight, diseased; left, healthy 
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cent potato-dextrose agar at 20° C. Mycelial growth is slow, producing a 
flat, dense, approximately orbicular mat, white to putty-colored or gray, with 
radial folds that become more prominent with age (Fig. 1, D). The margin 
is variable, but usually finely lobed. In 7- to 14-day-old cultures the mycelial 
mat is slightly floccose. Through the bottom of the Petri dish the cultures 
appear smooth, tiin with a gray margin, and sometimes slightly concave. 
The diameter of 14-day-old cultures, growing from 4-mm. mycelial disks 
at 20° C., varies from 2.0 to 2.4 cm. 

On soybean-stem agar^ the organism produces a thin, spreading, trans¬ 
parent mycelial growth, inconspicuous by reflected light. In cultures 3-4 
weeks old concentric rings can be seen by transmitted light. On this medium 
the diameter of 14-day-old cultures varies from 2.3 to 2.9 cm. 

Microscopic Characters. The hyphae are hyaline, septate, branched, and 
1.2-4.7 /A in diameter. In cultures more than ten daj^ old the hyphae fre¬ 
quently form aerial or decumbent fascicles. On soybean-stem agar the 
conidiophores are usually short, 4—15 /a long, but occasionally reach 25 in 
length. They are hyaline, continuous or septate, simple or branched, 
straight or club-shaped. They may be produced at any point on the fertile 
hyphae, usually appearing in groups (Pig. 1, C). When borne at the tip 
of a fertile hypha, the conidiophore is not well differentiated. Conidia are 
produced in succession at the apex of the conidiophore to form an irregular 
head, and are non-catenulate (Fig. 1, B). When the heads are produced in 
close proximity they aggregate to form large, irregular spore masses, either 
on the surface of the agar or on aerial hyphae. These spore masses disinte¬ 
grate instantaneously upon contact with water unless they have undergone 
considerable drying as would be the case in old cultures. The conidia are 
non-septate, ovoid to elliptical, hyaline, 1.7-3.4 x 3.4-7.6 /x. Spore heads or 
conidiophores have not been observed in or on soybean plants, but the conidia 
have been found in the exudate taken from infected cut stems to which water 
pressure had been applied. The conidia produced within the soybean stems 
are typically larger (3.4r-4.3 x 6.8-9.4 /x) than those produced in pure cul¬ 
ture. Conidia germinate by a single germ tube from one end or occasionally 
by two germ tubes, one from each end of the spore. 

Cultural Studies. The organism has shown no noticeable genetic varia¬ 
tion in pure culture over a period of three years. Sectoring or changes in 
pathogenicity have not been detected, and all the isolates taken from nat¬ 
urally infected plants for a period of three years appear to be identical. 
When cultures were started from finely macerated mycelium, variations in 
color from white to dark brown occurred but subsequent transfers yielded 
only the normal type. 

Sporulation does not occur on potato-dextrose agar in sufficient quantities 
to be detected except by a critical examination of washings made from such 
cultures. By this method a few spores sometimes can be found, as reported 

2 Soybean-stem agar was prepared by adding an extract of 25 gm. macerated green 
soybean stems in 100 ml. water to 1 liter of 2 per cent agar. 
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by Presley and Allington (3). A large number of vegetable decoctions in 
2 per cent agar, with and without dextrose added, were tested as media for 
satisfactory sporulation. Conidia were produced on string-bean agar, rice- 
polish agar, cucumber agar, and soybean-stem agar. The addition of 2 per 
cent dextrose to the above media inhibited sporulation. Since spore produc¬ 
tion was best on the soybean-stem agar, it was used almost exclusively for the 
microscopic studies of the pathogen involving spore production. Spores ap¬ 
peared on soybean-stem agar cultures after five days at 20° C. 

The effect of temperature upon growth rate was studied on potato-dex¬ 
trose agar and soybean-stem agar. The minimum temperature for growth is 
below 8° C., the optimum 22°-24° C., and the maximum above 30° C. The 
optimum temperature for sporulation in culture is between 15° and 20° C., 
definitely below the optimum for mycelial growth. Sporulation has never 
been observed at temperatures above 28° C. 

Germination of conidia was observed after 24 hours in distilled water and 
ill concentrated soybean-stem juice at 15°, 18°, 20°, 21°, 24°, 25°, 27°, and 
30° C. The highest percentage of germination was 88 in soybean-stem juice. 
The optimum temperature range was 21°~25° C. At 15° C. germination was 
0-2 per cent; at 30° C. it was 0-9 per cent. 

Host Range Studies, Extensive tests have not been made in studying 
the host range of the brown stem rot organism. A few species of cultivated 
plants were inoculated, however, by making stem punctures near the base of 
the stem and inserting mycelium. This method has never failed to result in 
heavy infection of soybean. The following species were tested for suscepti¬ 
bility: tobacco (Nicotiana taiacum L.), tomato {Lycopcrsicon esculentum 
Mill.), potato (Solanum tuberosum L.), red kidney bean {Phasealus vulgai*is 
L.), castor bean {Ricinus communis L.), mung bean {Phaseolus aureus 
Roxb.), pea {Pisum sativum L.), sunflower {Helianthus annuus L.), red 
clover {Trifolium pratense L.), and corn {Zea mays L.). The disease devel¬ 
oped only in mung bean. Not only were symptoms absent in the remaining 
species, but in repeated trials the organism was never reisolated from the in¬ 
oculated plants. In all cases soybeans were used as a check on the technique 
used and infection and recovery of the pathogen always occurred. 

Comparison of the Cidtural and Parasitic Characters of Cephalosporium 
acremonium Corda and the Brown-Stem-Rot Organism, Reddy and Holbert 
(4) have reported the pathogenicity of Cephalosporium acremonium Corda 
to corn in the Midwest, consequently the brown-stem-rot fungus was com¬ 
pared very closely with it. 

In culture the two organisms are distinct. Cephalosporium acremonium 
on potato-dextrose agar produces a white, floccose, orbicular mycelial mat 
that later develops a typical pinkish tinge. As stated earlier, the brown- 
stem-rot fungus produces a flat, dense, radially folded mat of putty-colored 
mycelium. On potato-dextrose agar C, acremonium sporulates profusely in 
5-7 days, while the soybean pathogen produces few or no spores. On soy- 
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bean-stem agar both organisms produce a thin, transparent mycelial growth 
and sporulate abundantly. The rate of growth of C, acremonium is about 
twice that of the soybean parasite on both media. Detailed differences in 
morphology of the two species are described under the section on taxonomy. 

Thirty different corn hybrids were inoculated in the seedling stage with 
the two organisms by the stem puncture method. Although no definite 
disease symptoms were produced by either organism, the corn was defi- 
i\itely susceptible to Cephalosporium acremonium. This organism grew 
within the plants and was reisolated after six weeks from 75 per cent of the 
plants inoculated. On the other hand, the soybean parasite was not reiso- 
Jated from the corn in repeated attempts. Seventeen soybean plants (var. 
Bansei) were inoculated with C. acremonium and a similar number with the 
soybean parasite. C. acremonium produced no symptoms and was only re¬ 
covered ill 2 per cent of the platings of tissue at the points of inoculation. 
The soybean parasite caused the majority of the plants to develop typical 
brown stem rot symptoms and 90 per cent of the platings were positive. 

Taxonomy,^ The brown stem rot pathogen apparently belongs in the 
genus Cephalosporium Corda of the Moniliaceae. No other organism of this 
genus has previously been described as a parasite on soybean. The descrip¬ 
tion of this organism does not seem to conform to the descriptions of the 
Cephalosporium species listed by Buchanan (2) and Saccardo (5, 6, 7, 8, 9, 
10,11). C. acremonium Corda, a parasite on corn in Illinois (4), resembles 
the soybean pathogen somewhat on the basis of spore shape. However, the 
conidia of Cephalosporium acremonium (1-1.8 x 2.5-6/x)* are appreciably 
narrower and shorter than those of the soybean parasite. C. acremonium 
produces well-separated conidial heads on erect conidiophores. On favor¬ 
able media the soybean pathogen produces short, straight or club-shaped 
conidiophores, singly or more frequently in groups. This latter behavior 
results in the most outstanding characteristic of the fungus, suggesting the 
specific name. The heads, produced in close proximity to each other, aggre¬ 
gate to form large, irregular masses of spores at the surface of the agar or 
slightly above it. This differs markedly from anything described for any 
known member of the genus Cephalosporium, The brown stem rot pathogen, 
however, appears to be more closely related to that genus than to any other. 
Accordingly, the name Cephalosporium gregatum n. sp. is proposed. 

Cephalosporium gregatum n. sp. 

Mycelial mat dense, fiat, orbicular, white, later becoming putty-colored or 
gray, with conspicuous radial folds; sterile hyphae hyaline, septate, branched, 

1.2- 4.7 /i. broad, often forming aerial fascicles or tufts; fertile hyphae usually 

1.2- 2.0/a broad, aerial or decumbent; conidiophores short, usually 4.2-15/x 
but occasionally up to 25/x in length, simple or occasionally branched, 

3 Grateful acknowledgment is made to Dr. M. P. Backus, University of Wisconsin, 
for mycological assistance. 

4 Measurements of Fresenius, Saccardo, Oudeinans and Koning, Bainier, and Ciferri 

(*1). 
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straight or club-shaped, usually continuous but occasionally septate, some¬ 
times produced singly but usually in clusters, either terminally or along the 
fertile hyphae; eonidia ovoid to elliptical, 1.7-3.4 x 3.4-7.6 in culture, up to 
4.3 X 9.4 fjL in the host, hyaline, continuous, capitate, not catenulate; conidial 
heads irregular, aerial or decumbent, usually aggregating to form mound¬ 
like masses of spores close to or at the surface of the medium. 

Habitat: In roots and stems of living soybean plants {Olycine max) and 
in soils in Illinois, Indiana, Iowa, Kentucky, Missouri, and Ohio, U.S.A. 

Mycelium in culturis tegetieulam compactam decumbentemque formans, 
orbicularem, primo albam denique griseam colore, in rugas radiantes con- 
spicuas plicatam; hyphis sterilibus hyalinis, septatis, ramosis, 1.7-4.7 fi 
crassis, saepe in fasciis aeriis protrudentibus; hyphis fertilibus aeriis vel 
decumbentibus, plerumque 1.2-2.3 crassis; conidiophoris brevibus, plerum- 
que 4.2-15 fi, aliquando ad 25 longe, simplicibus vel ramosis, rectis vel 
clavatis, continuis tamen nonnumquam septatis, aliquando extremitatibus 
saepius ullis intermediis locis hypharum fertilium in caespitibus locatis; 
conidiis ovoideis vel ellipticis, 1.7-3.4 x 3.4-7.6 /x in culturis, ad 4.3 x 9.4 /x in 
hospitibus, hyalinis, continuis, capitatis, non catenulatis; eapitibus irregu- 
laribus, aeriis vel decumbentibus, plerumque grumulos conidiorum summis 
mediis formatibus. 

Habitat in radicibus et caulibus plantarum vivarum (Glycine max) et in 
terris in Illinois, Indiana, Iowa, Kentucky, Missouri, et Ohio, U.S.A. 

HOST-PARASITE RELATIONS 

It has been repeatedly demonstrated that the pathogen can enter the 
host through artificial wounds at the base of the stem. In the greenhouse, 
plants growing in naturally infested soil have become infected without 
artificial wounding. In steamed sand, infection was obtained by pouring 
inoculum around the roots or by dipping the roots into the inoculum before 
transplanting. It appears that in fields in Illinois penetration occurs early 
in the summer, perhaps 3-4 weeks after planting, and that the main and lateral 
roots are the most common points of entry. Microscopic examinations at 
weekly intervals throughout the growing season have consistently revealed 
the presence of the organism in the vessels of the main root prior to stem in¬ 
vasion. The amount of mycelium in the vessels varies from a few strands 
to a solid mass of hyphae sometimes occupying almost the entire lumina of 
the vessels (Fig. 1, F). The fungus appears to migrate through the walls 
between the vessels. In actively growing plants it is predominantly a vascu¬ 
lar parasite and is found only occasionally in the pith. The organism pro¬ 
gresses upward through the vessels of the stem, lateral branches, and petioles, 
and can be found near the tips of the plants at maturity. In mature plants 
mycelium is found in the pith more abundantly than at any previous stage 
of plant development. 

It does not seem likely that the organism overwinters in stems. When 
diseased plants were dried and kept in the greenhouse for 3 months, it was 
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not possible to recover the organism. Numerous attempts to isolate the 
fungus from overwintered stems in the field have likewise failed. It has been 
demonstrated, however, that the fungus can exist for more than a year in 
moist soil stored in the greenhouse. The slow growth habit of this organism 
has not permitted isolation, as yet, directly from the soil. Plants grown in 
infested soil under the proper environmental conditions readily become in¬ 
fected and thereby supply a reliable criterion for the existence of the para¬ 
site in the soil. Seed from diseased plants has been plated out repeatedly 
but no indication has been found that the organism is seed borne. 

Effect of Temperature on Disease Development, The effect of soil tem¬ 
perature on infection and development of the disease was studied in the 
greenhouse. Naturally infested soil was placed in earthenware containers 
and maintained at the following temperatures: 10°, 15°, 20°, and 25° C. 
Six pots with at least four seeds planted in each pot were used at each tem¬ 
perature. The experiment has been repeated twice, using four pots instead 
of six as in the first test. The air temperature of the greenhouse varied from 
15° to 26° C. during the tests. Only a trace of infection was detected at 
each of the temperatures. The plants were grown to within two weeks of 
maturity in most cases. Although these results are inconclusive, it is be¬ 
lieved that the disease is not particularly responsive to different soil 
temperatures. 

The effect of air temperature on the incidence and development of the 
disease was also studied in the greenhouse. Three controlled air-temperature 
chambers at 15°, 21°, and 27° C. were used. In several tests the Lincoln 
and Bansei varieties of soybeans, six to ten inches tall, were artificially in¬ 
oculated near the ground level by stem punctures. Small amounts of 
mycelium from a non-fruiting culture on potato-dextrose agar were inserted 
into the punctures. After two to three weeks at 15° C. air temperature, 
the internal browning of the stems was evident 8-10 inches above the point 
of inoculation, and typical leaf symptoms of the disease were observed. At 
21° C. progress of infection was almost inhibited and at 27° C. no spread of 
the fungus was observed. Platings from these stems two to three inches 
above the point of inoculation failed to yield the organism. Isolations within 
one inch of the point of inoculation in the plants held at 21° and 27° C. 
usually were positive. Lowering of the temperature to 15° C. after incu¬ 
bation at 21°-27° C. always resulted in a severe attack of the disease within 
two weeks. 

In two tests inoculum from soybean-stem agar bearing abundant conidia 
was compared with inoculum from potato-dextrose agar bearing no conidia 
by means of basal-stem-puncture inoculations. In plants held at air tem¬ 
peratures below 21° C. the inoculum bearing conidia caused typical symp¬ 
toms and death of the plants before symptoms were evident in the plants 
inoculated with the potato-dextrose agar cultures. Noninoculated plants 
in the same environment remained healthy. All the plants held above 21° C. 
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remained symptomless regardless of the type of inoculum used. However, 
when the temperature was lowered below 21° C., all the inoculated plants 
soon developed symptoms of the disease. The time required for symptoms 
to develop in this case was noticeably different with the two inocula used. 
It was evident that the presence of spores was a major factor in the time 
required for development of the disease in plants held at low temperatures 
from the time of inoculation. 

Conidia were produced in the vascular system of naturally or artificially 
infected plants held at temperatures below 21° C. This was demonstrated 
by forcing water through the cut stems under considerable pressure and 
examining the exuded water microscopically. Also by this method suspen¬ 
sions of spores from pure cultures have been passed through sections of 
healthy stems, indicating the possibility that spore production and movement 
may be of importance in the spread of infection within the plant. 

EFFECT OF CROP ROTATION ON THE INCIDENCE OF 
BROWN STEM ROT IN ILLINOIS 

The external plant symptoms in the later stages of the brown stem rot 
are so conspicuous that one may readily identify them by aerial observations. 
The over-all brown color caused by the dead leaves contrasts sharply with 
the yellow-green of normally maturing fields. Consequently, in September 
of 1946 an aerial survey of brown stem rot was made. One of the most con¬ 
spicuous characters of the disease from this vantage point was that certain 
fields were only partly diseased, and a sharp line of demarcation separated 
the diseased and healthy portions of the fields (Fig. 1, G). Such fields 
were located on a detailed map while in the airplane and the lines of demarca¬ 
tion roughly sketched. The farm was later visited by car, the diagnosis of 
brown stem rot verified, and the farmer interviewed in regard to history of 
the diseased and healthy portions of his field. 

Without exception, the information gained by this method indicated a 
crop rotation effect upon the incidence of the disease. Each of these fields 
served as two experimental plots, providing an accurate history could be 
obtained. Within a very short period of time (2 weeks) 35 such fields were 
investigated. Completely reliable histories were available on 15 of these 
fields for a period of at least four years. A four-year rotation of corn, soy¬ 
beans, oats, and clover controlled the disease completely on the farms 
studied, while portions of the same fields which in previous years had been 
farmed separately and therefore had different crop histories were severely 
infected. Typical examples of rotation histories on severely diseased fields 
were as follows: (1) corn, soybeans, corn, soybeans; (2) soybeans, corn, corn, 
soybeans; or (3) clover, corn, soybeans, soybeans. Continuous cropping 
to soybeans is of course very rare, but a few cases were found and invariably 
severe stem rot was present. In many cases the healthy portion of the field 
was growing its first crop of soybeans. The disease was not found where 
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a previous crop of soybeans had not been grown within the previous three 
years. On the basis of these observations, it seems reasonable to conclude 
that one method of controlling the disease in Illinois is to practice a four- 
year rotation. 

DISCUSSION 

Brown stem rot of soybean is becoming of great importance in the areas 
of intensive soybean production in midwestern United States. The organ¬ 
ism is probably indigenous in view of the fact that it is non-parasitic to the 
other common crops of the area, that it is soil-borne and definitely affected 
by the crop rotations practiced in recent years, that it can grow sapro- 
phytieally, and that the disease is unreported elsewhere. Soybean culture 
in the area affected is relatively new, although intensive; in view of the 
present knowledge, one may believe that its sudden appearance and devasta¬ 
tion is primarily the result of cropping practices of the area. 

In view of the accumulated knowledge to date, one might logically 
expect the disease to spread northAvard from its present location with con¬ 
tinued cultivation of the soybean crop in northern areas. It is doubtful, 
in view of the critical low temperature requirements, that the disease will 
become of importance in the southern soybean-producing areas of the United 
States. 

The lack of response to soil temperatures and the striking response to air 
temperatures noted in this study are of special interest. These results 
are somewhat correlated with the behavior of the organism in pure culture. 
Mycelial growth was optimum around 22°-24° C., while spore production 
was optimum below 20° C. The presence of abundant spores in infected 
plants growing at low temperatures, the decidedly greater potency of 
inoculum bearing spores, and the demonstration that the spores move readily 
through the vascular system suggests an explanation for the rapid develop¬ 
ment of the disease in the upper plant parts under cool conditions. Further 
work will be necessary to prove this hypothesis, however. It is possible that 
the spread of the organism, which in pure culture, at least, is a very slow 
grower, within the upper plant parts is dependent upon the conidia that may 
move up the stem in the transpiration stream. 

Infection from the soil in the roots and basal stem portions apparently 
proceeds very slowly under high temperature conditions of mid-summer, 
but with the occurrence of a few cool days in the autumn enough conidia 
are produced to spread rapidly up the stem. This possibly would also 
explain the rapid onslaught of the disease in the fall. 

summary 

The Cephalosporimn causing brown stem rot of soybeans is described 
and the name Cephalosporium gregatum n. sp. is proposed. 

A limited survey revealed no hosts other than soybean and mung bean for 
this pathogen. 
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Air temperatures are of critical importance in the development of the 
disease, but soil temperatures were not found to be of significance. Air tem¬ 
peratures below 21° C. were essential for the rapid spread of tfee organism 
up the stem and the development of typical leaf symptoms. A possible ex¬ 
planation of the mechanism of this reaction is advanced, based upon the pro¬ 
duction of conidia within the vascular system. 

Detailed studies of disease epidemics, aided by aerial observations, re¬ 
vealed a close relationship between the incidence of this disease and crop 
rotations practiced in the areas most affected. A crop rotation system which 
provides for three successive annual crops other than soybeans between soy¬ 
bean plantings is recommended for control of brown stem rot in Illinois. 

U. S. Kegional Soybean Laboratory 

AND 

Illinois Agricultural Experiment Station, 

Urbana, Illinois. 
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SUMMARY OF COOPERATIVE EXPERIMENTS ON TREATMENT 

OP FLAX SEED" 


J. E. MACHACEK2 and F. J. Oreaney* 

(Accepted for publication April 12, 1948) 

This cooperative investigation, commenced under the auspices of The 
American Phytopathological Society’s Committee for Coordination in Cereal 
and Vegetable Seed Treatment Research, was begun in 1944. Initially em¬ 
bracing trials at 8 stations in the United States and 2 in Canada, the project 
has expanded to include trials at 21 stations. The locations of these stations 
and the names of the cooperators are listed in table 1. 

The present report, covering the 3-year period 1944r46, deals with co¬ 
operative tests of some standard and some new seed disinfestants or pro¬ 
tectants applied to ‘‘sound” and to “fractured” flax seed (Pig. 1). The 
nature of the injury to the seed suggests that the materials tried could func¬ 
tion in these tests only as protectants. In view of the diverse conditions 
under which the tests were made, it is hoped that the findings reported here 
will be applicable over a wide area of this continent. 

MATERIALS AND METHODS 

The “sound” seed used in these experiments was derived from reasonably 
healthy crops of Royal flax in which the plants were threshed by passing 
them between the rollers of an ordinary clothes wringer. The amount of 
fracturing in this seed ranged from 0 to 4 per cent. Seed containing 31 to 
53 per cent of “fractured” seeds was obtained by threshing parts of the 
above crops with a steel stationary thresher. 

The preparations applied to flax seed in the present tests were as follows: 
New Improved Ceresan (5 per cent ethyl mercury phosphate), Semesan Jr. 
(1 per cent ethyl mercury phosphate), Dubay 1452P (7.7 per cent ethyl 
mercury p-toluene sulfonanilide), Spergon (98 per cent tetrachloro para- 
benzoquinine +1 per cent phosphate) / and Arasan (50 per cent tetramethyl 
thiuramdisulphide). They were generally applied at the rates recom¬ 
mended by their manufacturers. Several rates of application of New Im¬ 
proved Ceresan, however, were tested, chiefly'for the purpose of comparing 
the rate (^ oz. per bu.) recommended in the United States with that (1^ 
oz. per bu.) recommended in Canada. 

Each year, field plans and seed for the entire experiment were pre¬ 
pared at Winnipeg and distributed to the various cooperators. The seed 
was put up in paper coin-envelopes (one envelope for each row) at the rate 
of 300 seeds per envelope for seed germination tests, and in lots equivalent 

1 Contribution No. 927 from the Division of Botany and Plant Pathology, Science 
Service, Department of Agriculture, Ottawa, Canada. 

s Plant Pathologist. 

« Formerly Plant Pathologist, now Director, Line Elevators Farm Service, Winnipeg, 
Manitoba. 
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Fig. 1. Kinds of seed used in cooperative seed treatment f^perimeut. A. Sound 
seed. B. Fractured seed. 

to a seeding rate of 28 lb. per acre for yield trials. Before the seed was 
dispatched to the cooperators, envelopes containing seed treated with the 
same preparation were tied together and wrapped with wax paper to re¬ 
duce to a minimum the escape of volatile constituents present in some of 
the preparations. 

A uniform, randomized, split-block plan of experimentation (4 repli¬ 
cates) was used at all stations. One-half of each block was sown with 
sound seed and the other half with fractured seed. The different treat¬ 
ments were randomized within each half-block. In the seed germination 

TABLE 1 .—Lr cation of teals in the cooperative seed hu at mint investigation with flax 


State or Province 

Tjocation of test 

(^oo[>erators 

New York 

Geneva 

W. F. Crosier 

Iowa 

Ames 

C. S. Reddy 

Wisconsin 

Madison 

II. L. Shands, D. C. Arnv 

Minnesota 

St. Paxil 

M. B. Moore 

South Dakota 

Brookings 

W. F. Buchholtz, C. N. Nagel 

North Dakota 

Fargo 

W. E. Brentzel 

Montana 

Bozeman 

R. H. Bamberg 

Washington 

Pullman 

C. S. Holton 

Manitoba 

Winnipeg 

Mordeii 

Brandon 

Gilbert Plains 

F. .1. Greaney, J. E. Machaeek 
W. R. Leslie, W. J. Breakcy 

M. J. Tinlinc, W. H. .Tohnston 
A. H. Parker 

Saskatchewan 

Indian Head 

Mclfort 

vSeott 

Swift Current 
Saskatoon 

.1. G. Davidson 

M. J. McPhail, W. T. Burns 

A. G. Kusch 

A. W. Platt, B. C. Jenkins 

H. W. Mead 

Alberta 

Lethbridge 

Ijacombe 

Beaverlodgc 

Edmonton 

W. D. Hay 

F. H. Reed, G. E. Delong 

W. D. Albright, E. C. Stace.N 

A. W. Henry 
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tests, carried on in Canada and the United States, individual plots con¬ 
sisted of single rows„ 10 ft. long and 1 ft. apart. In the yield trials, all of 
which were in Canada, the plots consisted of 4 or 5 rows, 18 ft. long and 
9 in. apart. The 5-row plots were used at a few stations where it was con¬ 
sidered advisable to obtain information on both germination and yield, one 
row of the plot being pulled to obtain a germination count for the plot. 
To furnish information on yield, the middle 2 rows of the remaining 4 
rows in such plots were harvested, after 9 in. from the ends of each row 
had been discarded. In yield trials where 4-row plots were employed, the 
same general harvesting procedure was followed. 

Each year, the experimental data obtained at cooperating stations away 
from Winnipeg were forwarded to the authors for compilation and analy¬ 
sis. A report on the whole project was subsequently dispatched from 
Winnipeg to each cooperator. Also, in 1944 and 1945, interim reports were 
published in the Plant Disease Reporter.^* ® 

effect of seed fracturing on germination and yield 

It was shown earlier® that the percentage germination of fractured flax 
seed is generally lower than that of sound seed, and that the decrease in 
germination is roughly proportional to the percentage of fractured kernels 
present in the seed. It was shown, too, that seed fracturing, unless a high 
percentage of seeds is affected, does not always adversely affect the yield. 
It appeared from observations on growth that the increased tillering of flax 
plants in thin stands tended to compensate for loss of seedlings resulting 
from decay of fractured seed in the soil. In the present experiment, con¬ 
ducted over a wider area, a somewhat similar result was obtained. Al¬ 
though the percentage germination of fractured flax seed was decidedly 
lower than that obtained with sound seed at most of the cooperating sta¬ 
tions, at only a few did seed-fracturing adversely affect the yield. 

EFFECT OF VARIOUS SEED TREATMENTS ON GERMINATION 

The data summarized in table 2 show that, in 1944 and 1945, none of 
the seed treatments had any appreciable effect on the germination of sound 
seed. In 1946, however, some of the treatments increased the germination 
of such seed by a signiflcant amount—a fact indicating the possible pres¬ 
ence of pathogenic organisms on the seed. 

Fractured seed responded favorably to seed treatment in each year of 
the 3-year experimental period. In 1944, a significant increase in germi¬ 
nation was obtained for all the seed treatments employed with the excep¬ 
tion of New Improved Ceresan applied at the low rate of i oz. per bu. 
In 1945, significant increases in germination were obtained for all the treat- 

4 Greaney, F, J. Co-operative flax seed treatment tests in 1944. U. S. Dept. Agr., 
Plant Dis. Eeptr. Suppl. 159: 215-219. 1945. 

5 -. Co-operative flax seed treatment tests in 1945. U. S. Dept. Agr., 

Plant Dis. Eeptr. 30: 113-119. 1946. 

9 Machacek, J. E. and A. M. Brown. Threshing-injury to flax seed in Canada, 
^cientk Agr. 26: 601-625. 1945. 
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TABLE 2.— Effect of various seed treatments on the percentage germination of 
sound and fractured Boyal flaw seed 


Dose Sound seed® Fractured seed^ 

Treatment (oz./ -- 



bu.) 

1944c 

1945 

1946 

1944c 

1945 

1946 

New Improved Ccrcsan 

0.25 

61.3 

65.5 

58.6 

28.5 

32.2 

35.3 

0.50 

62.0 

67.0 

60.6 

29.4 

36.7 

41.0 


1.00 

60.0 

66.8 

63.0 

33.9 

41.2 

49.0 


1.50 

60.5 

66.8 

61.3 

33.4 

45.4 

51.0 


2.00 

61.6 

66.4 

64.3 

36.4 

46.9 

49.6 


3.00 

60.9 



35.3 



Semesan Jr. 

2.50 

60.0 



30.9 



Dubay 1452F 

0.50 


66.5 

61.0 


34.5 

40.6 

1.00 


65.8 

62.6 


37.1 

43.0 

Spergon 

1.50 

58.4 

65.8 

54.6 

29.5 

31.3 

38.0 


3.00 

60.0 

65.5 

58.3 

30.2 

33.8 

36.3 

Arasan 

1.50 

60.8 

65.9 

60.0 

29.3 

36.5 

44.3 


3.00 

60.0 

66.0 

59.0 

32.0 

39.8 

39.6 

Control 


60.0 

65.2 

54.6 

25.1 

30.4 

33.0 

Significant difference 
(5 per cent level) 


D.N.S.d 

D.N.S. 

3.5 

3.9 

2.5 

5.1 


a Threshed with ordinary clothes wringer. There were no fractured kernels present 
in the seed used in 1944 and 1945. In 1946, four per cent of the kernels were fractured. 

b Threshed with stationary thresher. Content of fractured kernels was 31 per cent 
in 1944, 48 per cent in 1945, and 53 per cent in 1946. 

c MeJin of data from 11 stations in 1944 and 13 stations in 1945 and 1946. 
d D.N.S. = Difference not significant. 

TABLE 3.— Effect of various seed treatments on the yield of sound and fractured 
flax seed 


Yield (bu./acre) 

Dose-- - 

Treatment (oz./ Sound seed* Fractured seed® 

bu.) ---- 




1944b 

1945 

1946 

1944b 

1945 

1946 

New Improved Ceresan 

0.25 

22.2 

28.4 

22.5 

22.2 

22.3 

19.2 

0.50 

21.0 

27.6 

21.4 

22.0 

23.6 

20.4 


1.00 

22.4 

27.7 

21.1 

23.2 

26.0 

21.1 


1.50 

22.5 

28.6 

21.5 

22.0 

27.2 

21.4 


2.00 

23.1 

28.5 

23.4 

23.0 

26.9 

21.5 


3.00 

22.4 



21.2 



Semesan Jr. 

2.50 

21.6 



21.5 



Dubay 1452F 

0.50 


28.3 

21.7 


25.4 

20.1 

1.00 


27.9 

22.6 


24.9 

20.8 

Spergon 

1.50 

20.6. 

27.9 

22.0 

21.2 

21.6 

19.5 


3.00 

22.0 



22.5 



Arasan 

1.50 

22.0 

27.2 

21.9 

21.2 

24.0 

20.3 


3.00 

22.9 



23.0 



Control 


21.5 

28.4 

21.7 

21.2 

20.6 

17.9 

Significant difference 
(5 per cent level) 


D.N.S.c 

D.N.S. 

D.N.S. 

D.N.S. 

2.3 

2.1 


a For percentages of fractured kernels in seed, see footnotes under table 2. 
b Mean of data from two stations in 1944, four stations in 1945, and 10 stations in 
1946. 


c D.N.S. = Difference not significant. 
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ments tested except New Improved Ceresan (i oz. per bu.) and Spergon 
(li oz. per bu.). In 1946, the results were about the same as in 1945 ex¬ 
cept that Spergon did not improve germination even when used at the rate 
of 3 oz. per bu. At some stations (Pullman, Washington; Fargo, North 
Dakota; and Geneva, New York) the response to seed treatment was usu¬ 
ally very slight. 

EFFECT OF VARIOUS SEED TREATMENTS ON YIELD 

None of the treatments applied to sound flax seed increased the yield, 
even in 1946 when germination of sound seed was improved considerably 
by seed treatment (Table 3). With moderately-fractured seed, such* as was 
used in 1944, the observed increases in yield were not statistically signifi¬ 
cant, but with somewhat more severely-fractured seed,! such as was used in 
1945 and 1946, increases were significant. These increases were relatively 
large in 1945, but comparatively small in 1946. There was a good deal 
of variation in the amount of benefit from treatment, but unlike the situa¬ 
tion observed with seed germination, there was no station at which seed 
treatment continually appeared to be without worth. 

From table 3, it would appear that New Improved Ceresan, when ap¬ 
plied to fractured flax seed at the rate of 1^ oz. to 2 oz. per bu. increased 
the yield to the greatest extent. Only in 1945, however, was the yield at 
these dosages significantly higher than that obtained with the dosage (^ oz. 
per bu.) generally recommended in the United States, while in no instance 
was it significantly higher than the yield from the dosage (1 oz. per bu.) 
generally recommended for the drier parts of Western Canada. Dubay 
1452F and Arasan also significantly increased the yield but not so much 
as New Improved Ceresan. As only one or two dosages of these treat¬ 
ments were employed it was impossible to determine if they were the op¬ 
timal ones. Treatment of flax seed with Spergon did not bring about any 
increase in yield. 


SUMMARY AND CONCLUSIONS 

Cooperative tests of various seed treatments, applied to sound and frac¬ 
tured flax seed, were carried on during a 3-year period over a wide area of 
Western Canada and in the northern part of the United States. In all, 13 
stations in Canada and 8 stations in the United States participated. 

The data obtained from the experiment indicate that treatment of flax 
seed, particularly when a considerable proportion of the seeds are fractured, 
is a sound practice. It was found that treatment of seed damaged by 
fracturing generally increased germination and occasionally increased 
yields. The data suggest also that, when New Improved Ceresan is used, 
it should be applied to flax seed at a higher dosage than i oz. per bu. An 
increase of this dosage to at least 1 oz. per bu. is indicated. 

Dominion Laboratory of Plant Pathology, 

Winnipeg, Manitoba, Canada. 



NONSUSCEPTIBLE HOSTS AS CARRIERS OF WILT FUSARTA^ 

G. M. Armstrong and Joanne K. Armstrongs 
(Accepted for publication April 23, 1948) 

INTRODUCTION 

Since 1982, stems of many thousands of plants have been cultured on 
agar plates to isolate wilt Fusaria. At first the cotton plant chiefly was 
used, but in recent years, a variety of plants has been included, especially 
in the numerous inoculation experiments. In a study of the pathogenicity 
and cultural characteristics of the cotton-wilt organism, Armstrong et al, 
(3) reported that a Fusarium could be obtained from a fairly high percent¬ 
age of inoculated cotton plants of a resistant variety that showed no dis¬ 
coloration of the internal tissues. It was assumed that most of the Fusaria 
recovered were the cotton-wilt fungus, and limited tests indicated that this 
was generally true. When inoculations of various species of plants were 
made in considerable numbers, as for example the sweet potato inoculated 
with the cotton-wilt fungus, Fusaria were likewise obtained from a fairly 
high percentage of the stalks when cultured on agar plates, although either 
no or slight external or internal symptoms of wilt were apparent. These 
results led to the assumption that some of the wilt Fusaria, supposedly 
restricted in their host ranges, are parasitic^ on many plants that show no 
symptoms of disease. Experimental data to support this assumption are 
presented. 


METHODS 

Plants were grown in soil, in solution-culture, and in steamed sand. 
The inoculation procedures in soil using a wheat-oats mixture (3) and in 
solution-culture (1) have been described. For the steamed-sand cultures, 
the plants were grown in 2-gal. glazed pots with a 2-cm. hole laterally at 
the bottom for drainage and either of two inoculation procedures was used. 
In Method A the roots were inoculated by pouring a 3-day-old solution 
culture of the fungus into holes made around the base of the plants growing 

1 Gontribution of the Department of Botany and Bacteriology in cooperation with 
the Division of Cotton and Other Fiber Crops and Diseases, Bureau of Plant Industry, 
Soils and Agricultural Engineering, U. S. Department of Agriculture. Technical con¬ 
tribution No. 152, South Carolina Agricultural Experiment Station. Acknowledgement 
is given to B. S. Hawkins and C. C. Bennett for aid in certain phases of the greenhouse 
and laboratory investigations. 

2 Head, Department of Botany and Bacteriology, and Agent, Division of Cotton and 
Other Fiber Crops and Diseases, respectively. 

3 Definitions submitted by the Committee on Technical Words. Phytopath. 30: 
361-368. 1940. RESISTANCE: Ability of the host to suppress or retard the activity 
of a pathogenic organism or virus.'' NONSUSCEPTIBLE is used in preference to 
resistant since there are, for example, varieties of cotton which are resistant to the cotton- 
wilt Fusarium, but cotton is considered nonsusceptible to the sweet-potato-wilt Fusarium. 
PARASITE: ^ ‘ Organism or virus for which the tissues of another living organism serve 
as substratum and source of nutrition." The organisms dealt with in this paper are 
considered parasitic but not pathogenic since there were "either no or slight external or 
internal symptoms of wilt'' when the plants were inoculated with them. 
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in the pot. Tn Method B, the roots of yoiiii^ plants which had been grown 
in flats of sterilized soil were washed, dipped in the inoculum, and set im¬ 
mediately in a pot of sand. In both methods a second inoculation was made 
a week or more later using the procedure in Method A if the plants showed 
no symptoms of wilt at that time. Method A is essentially that of Tharp, 
and Method B is a modification of that described by Wellman (12). 

All methods have given approximately the same results. With the 
solution-culture technique somewhat more care is ne(‘essary to prevent 
contaminations, although a greater number of plants can be grown in a 
given area by this method than in soil or sand. The procedures for pre¬ 
paring and sterilizing the wheat-oats mixture and incorporating it in the 
soil are time-consuming, and serious difficulties may be encountered with 
damping-off due to the addition of considerable organic matter unless the 
soil is kept for two or three weeks before planting. Certain soils become 
toxic to plants after steaming which was particularly true of the mangan- 
iferous Lloyd soil used in this investigation. The sand-culture technique 
was very satisfactory, and Method A was used wherever possible. Check 
plants and those not infected upon inoculation grew vigorously notwith¬ 
standing the cutting of some roots. 

In Methods A and B of the sand-culture technique the inoculum was 
prepared by culturing the fungus for 72 hr. at 28° C. on the following 
liquid medium in a flask which was shaken thoroughly three or four times 
daily to keep the mycelium well dispersed: sucrose or glucose, 2 per cent; 
MgS() 4 , 0.00;iM; KCl, 0.022M; KH 2 PO 4 , 0.1008M; Ca(NO,) 2 , 0.10356M; 
FeCfl.i, MnS 04 , and ZnS 04 , 0.2 p.p.m. each of cations. The isolates of 
Fusarium were maintained on slants of potato-dextrose agar. A suspension 
of the fungus for inoculating the liquid medium was made by pouring 10 
ml. of sterile water on a fresh slant-culture, loosening spores and mycelium 
with a sterile needle, and using this at the rate of 2 ml. per 1000 ml. of liquid 
medium. ‘ 

The nutrient solution described by Armstrong (1) was used for growing 
the plants. Good growth was obtained with all plants except sweet potatoes 
which required increased iron up to double that indicated. 

During the course of the experiments, the usual precautions were taken 
to p)*event accidental contaminations. Sterilized rubber gloves were worn 
when making the inoculations for each isolate, and all the necessary glass- 
w^are and instruments were also sterilized. 

Cotton, Cassia {Cassia tora L.), okra, soybean, and cowpea were grown 
in pots of sand and Method A was used in the inoculation experiments. 
Immediately before planting, the seeds of cotton, Cassia, and okra were 
immersed in concentrated sulphuric acid for 5 min. and then thoroughly 
washed in tap water. Seeds of soybean and cowpea were surface sterilized 
in a hypochlorite solution. Twenty seeds were planted per pot evenly 
spaced in a circle 1 inch from the periphery and J inch deep. Tap water 
* Personal communication from Dr. W. H. Tharp, Jr. 



810 


Phytopathology 


[VoL. 38 


was used sparingly until all seedlings had emerged. After about seven or 
eight days when the plants were usually thinned to ten per pot, nutrient 
solution was used. The first inoculation was made when the unexpanded 
first true leaves appeared which was about 10-14 days after planting for 
cotton but somewhat sooner for the others, depending upon light conditions 
and temperatures. The second inoculation was made one week later. The 
inoculation procedure was as follows *. 1 hr. after applying the nutrient solu¬ 
tion, an inverted Buchner funnel was pressed into the moist sand to a depth of 
about 1^ inches. Five hundred ml. of the well shaken inoculum was poured 
into the depression where the roots had been cut. The roots were then 
covered and after a few hours about 1 quart of tap water was applied to 
each pot. The same procedure was used for the second inoculation a week 
later except that when a large number of dilferent isolates was involved, it 
was more convenient to use a large sterile test tube instead of a funnel for 
cutting the roots in each pot. Dr. Tharp used 1 qt. of nutrient solution 
twice daily when the plants began to transpire rapidly but this amount was 
used only once daily in these experiments with satisfactory results. Tjarge 
plants, however, frequently required water in addition to the nutrient 
solution to maintain their turgidity. Once a week tap water was used in 
place of the solution. The tests with cotton were continued for six to seven 
weeks, and those with the other hosts for eight weeks. 

Method B was used in the experiments with seedlings of tomato, sage, 
tobacco, snapdragon, mimosa {Albizzia julUrissin Duraz), and Mexican 
clover (Richardia scahra St. Hil.). For sweet potato, sprouts or vine cut¬ 
tings which had been rooted in sand were used, and, if a clear-cut injury 
was not evident at the base, a small portion of the stem was cut with steril¬ 
ized scissors before the roots were dipped in the inoculum. Experience has 
shown that a low percentage of wilt occurs in plants without an injured 
basal stem. Poole and Woodside (8) stated that infection is almost entirely 
through the basal end of the plant. After the roots were dipped in a 3-day- 
old liquid culture of the fungus, five plants were set per pot of sterilized 
sand and 500 ml. of the inoculum distributed around them. Only 250 ml. 
was used for sweet potato since a larger amount seemed at times to be some¬ 
what toxic to the tender sprouts and vine cuttings. However 500 ml. of 
inoculum was applied in the second inoculation. The second inoculation, 
when necessary, was made one week or more later, depending upon the con¬ 
dition of the plants, by cutting some ‘of the roots with a large test tube 
placed close to the stem of each plant and distributing the inoculum among 
the holes made by the tube. At times such definite symptoms of wilt ap¬ 
peared after the first inoculation that a second was clearly unnecessary. 
The sweet-potato plants showed either very definite or no external wilt 
symptoms in a relatively short time, consequently, in the later tests they 
were not grown so long as the other plants but were removed for plating at 
about four weeks. 

Plants in all of the experiments were removed from trays or pots when 
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definite external symptoms of wilt were apparent. A piece of the basal 
stem was washed in running water, after which a 1-inch section just above 
the soil line was cut, dipped in 95 per cent ethyl alcohol, immersed for 5 
min. in a calcium hypochlorite solution (BK)® containing 1667 p.p.m. of 
available chlorine, and plated on 1.8 per cent water agar. This concentra¬ 
tion of hypochlorite was used on all types of tissue and the procedure was 
standard throughout these experiments. Plants which had not wilted at the 
end of an experiment were usually treated similarly. 

Efficacy of Hypochlorite as a Surface Disinfectant 
The assumption has been that the wilt Pusaria recovered from the stems 
of plants which showed no wilting were actually inside the stems. If the 
Pusaria were only attached to the outside surfaces and the hypochlorite 
failed to kill the organisms, the results as reported would have no signifi¬ 
cance. Even though the stems did not contain a wilt Fusarium, other fungi 
frequently grew from the pieces. It was important to know whether the 
hypochlorite disinfects the stem surfaces and, particularly, if it kills the wilt 
Pusaria which might adhere to the base of the stems. The efficacy of the 
hypochlorite as a surface disinfectant in the concentration used throughout 
this work, viz., 1667 p.p.m. of available chlorine, was checked by dipping 
24 1-inch, thin, wooden sticks in each of two suspensions of different Pusaria. 
The sticks were surface sterilized and plated according to the standard pro¬ 
cedure described for the stem sections. The suspensions of a sweet-potato- 
wilt and a cotton-wilt Fusarium, were made by adding 10 ml. of sterile 
water to a test-tube slant and either scraping the surface with a needle or 
shaking the tube in which the cotton plug was replaced by a sterile rubber 
stopper. The scraping methods loosened pieces of agar which had to be 
removed by straining through a thin layer of cotton, before complete steri¬ 
lization was obtained. An examination of both of the suspensions showed 
that pieces of mycelium and the three spore forms were present in abun¬ 
dance. A check consisted of ten sticks dipped in each of the suspensions, 
with sterile water substituted in the subsequent steps for the alcohol and 
the hypochlorite, to ascertain if the spores and the mycelia had been washed 
off in the dipping process. All of the sticks that had been treated with 
hypochlorite were sterile after incubation at 28° C. for two weeks. In a 
few days, the Pusaria grew abundantly on 18 sticks of the check or unsteri¬ 
lized series. These results indicate that the hypochlorite in the concentra¬ 
tion used in these experiments will kill the wilt Pusaria on ordinary sur¬ 
faces. 

EXPERIMENTAL RESULTS 

Inoculations of Sweet Potatoes with a Cotton-Wilt Isolate and with 
Other Fusarium Isolates from Healthy Sweet Potatoes 
In the summer of 1940, sweet potatoes growing in a solution culture in 
the greenhouse were inoculated with the cotton-wilt fungus. Both the 
5 The commercial product, BK, was used. 
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Nancy Hall and Porto Rico varieties were grown in the first experiments, 
but since no differences in the susceptibility of the two were noted, there¬ 
after only the Porto Rico variety was used. The plants showed no external 
symptoms of wilt but a Fusarium similar to the original in cultural char¬ 
acteristics was obtained from 70.3 per cent of the plants when stem sections 
were plated (Table 1, Exp. 1, a). Since the bases of the stems in the check 
or uninoculated tray (Exp. 1, b) showed no Pusaria when cultured on agar 
plates, it was inferred that the sweet potato might be a carrier of the cotton- 
wilt fungus and thus show no symptoms of wilt. It is generally assumed 
that many of the wilt Pusaria will survive in the soil for long periods with¬ 
out the presence of the usual host plants. If they occur as benign invaders 
in hosts other than those considered susceptible, another method of their 
survival will have been revealed. 

In other experiments in which sweet-potato plants were inoculated with 
various wilt organisms, Pusaria were repeatedly recovered^from some of the 
healthy plants in the check trays or pots (Table 1, Exp. 2, a-b; 4, b) as well 
as from some of the plants which had been inoculated. Thus it seemed that 
plants produced from bedded potato roots only rarely were fusarium-free, 
although they were healthy and showed no external symptoms of wilt. 

During the course of these experiments, uninoculated plants of cotton, 
okra, tobacco, tomato, soybean, cowpea, two weeds, and snapdragon were 
being grown in solution cultures or in steamed soil or sand. Stem sections 
of many of these were plated, but Fusarium oxysporum Schl. according to 
the system of Snyder and Hansen (11) was seldom observed. Thus it ap¬ 
peared that the technique used was not responsible for the infection of the 
uninoculated sweet-potato plants but that unblemished sweet potatoes might 
contain Pusaria which grew into the sprouts when the potatoes were bedded. 
The sweet-potato wilt pathogen, F. oxysporum. f. batatas (Wr.) S. and 11. 
(5) is known to pass from the bedded root into the sprouts. It was nec(‘s- 
sary, therefore, to study more carefully the Pusaria occurring in the healthy 
roots and sprouts so that the results obtained in the pathogenicity tests could 
be evaluated. Accordingly, certified sweet potatoes were obtained and 20 of 
these were treated in a hypochlorite solution for 10 min. Under aseptic 
conditions in a culture-room, pieces of internal tissue from near the stem end, 
the basal end, and the middle of each potato were plated on water agar. A 
Pusarium isolate was obtained from only two potatoes and these isolates 
were used separately to inoculate plants in trays of solution culture in order 
to determine their relationship to the sweet-potato-wilt fungus. The com¬ 
bined results are given in table 1, experiment 4, a. Likewise comparable 
trays of plants (Table 1, Exp. 3) were inoculated, respectively, with four 
isolates from the healthy check plants (Table 1, Exp. 2, a-b). A tray of 
uninoculated plants (Table 1, Exp. 4, b) was included. The plants for 
these tests were obtained from certified potatoes which had been surface 
disinfected before being bedded in the greenhouse in steamed sand in a 
disinfected bench. 
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There were no external wilt symptoms in any plant, though some slight 
internal discoloration was noted in from 12.5 to 22.8 per cent of the plants. 
This may not be significant, however, since Fusaria were recovered from two 
to three times as many plants as those which showed internal discoloration 
viz., from 39.6 per cent of the cheek plants and from 54 per cent of one of 
the inoculated groups. Various investigators have noted darkening of the 
vascular bundles of the stems of plants affected with Fusarium wilts and 
many have used it as a criterion of infection. Cook (4) has shown, how¬ 
ever, that browning of the bundles of tomato stems is an inadequate criterion 
of infection. 

The isolates used for these inoculations were grown on rice, Irish-potato 
plugs, and potato-dextrose agar along with some Avilt pathogens from sweet 
potato, cotton, and tobacco. The microscopic and cultural characteristics 
of the isolates indicated that all belong to the section Elegans as described 
by Wollenweber and Reinking (13). 

The results obtained in the previous experiments, especially from plating 
sections of both the healthy potatoes and the plants produced from the 
sprouts of these potatoes, seemed to indicate more clearly that sweet potatoes 
harbor Fusaria internally which are not the sweet-potato-wilt pathogen. It 
should be noted that Fusaria were obtained from 10 per cent (2 of 20) of 
the potatoes but from 39.6 per cent (Table 1, Exp. 4, b) of the plants grown 
from them. One would not expect too close a correlation of such results 
since only three small pieces of each potato were cultured. The entire po¬ 
tato is bedded and there is a tendency for the sprouts to be produced in 
groups at the ends. 

Since a further study of a larger number of potatoes was desirable, 
three lots of potatoes were secured, one each from Spartanburg, S. C., from 
Clemson, S. C., and from the Edisto Experiment Station, Blackville, S. C. 
Seventy potatoes from each lot were immersed in hypochlorite solution for 
6 min., and, following the procedures previously described, a piece of the 
internal tissue about an inch from each end of every potato was plated on 
water agar. Fusaria were obtained from 14.3, 7, and 7 per cent, respec¬ 
tively, of the three lots. A discoloration of the vascular ring of some of 
the potatoes, varying from fairly distinct to slight, was noted but no cor¬ 
relation existed between this condition and the isolation of Fusaria from 
the potatoes. For example, in the Spartanburg lot, Fusaria were obtained 
from only five of the 20 potatoes showing discoloration, however, five other 
])otatoes appearing perfectly normal also contained Fusaria. 

The potatoes of the three lots from which Fusaria were not obtained 
were bedded separately by lots in clean beds of steamed sand in the green¬ 
house. Those from which P^usaria were obtained were bedded similarly. 
Sprouts from the former were considered as fusarium-free, while those 
from the latter were considered as possibly diseased. Sprouts from the var¬ 
ious lots were grown separately in trays of solution culture, but the results 
have been combined in table 1, experiments 5, a-b. Even if some of the 
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original potato roots harbored Fusaria and some apparently did not, the 
plants from both sources contained a rather high percentage of Fusaria 
without showing symptoms of wilt. 

The plants in table 1, experiment 6, were inoculated with a Fusarium 
obtained from one of the healthy Edisto potatoes, but no wilting occurred. 

Since the cotton-wilt organism is present in some of the fields of the 
Edisto Experiment Station where sweet potatoes are grown it was thought 
that some of the Fusaria obtained from healthy potatoes might be the cotton- 
wilt fungus. Accordingly, the isolates from the healthy Edisto potato 
(Table 1, Exp. 6) was used to inoculate two trays containing 173 cotton 
plants of a wilt-susceptible variety but no wilting occurred. 


TABLE 1 .—Results of inoculations of sweet potato with a cotton-wilt Fusarium and 
with other Fusaria obtained from healthy sweet potatoes 


Exp. 

No. 

Origin of isolate 

Percentage of 
Medium for plftswith 

No. Plants growing symptoms of wdt 

Internal 

discoloration® 

Recovery 
of fungus, 
per cent 

la 

Cotton 

37 

Solution 

24.3 

70.3 

b 

XJninoculated check 

30 

do 

0.0 

0.0 

2a 

do 

148 

do 

6.8 

55.4 

b 

do 

10 

Soil 

0.0 

20 0 

3 

Healthy potato plants® 

197 

Solution 

22.8 

47.2 

4a 

Healthy potato roots** 

100 

do 

18.0 

54.0 

b 

XJninoculated check 

48 

do 

12.5 

39.6 

5a 

Un inoculated® 

107- 

do 

12.1 

65.4 

b 

XJninoculated<i 

87 

do 

36.7 

62.1 

6 

Healthy potato roots 

145 

do 

2.1 

60.7 


» Four trays, each with a different isolate. 

*> Two trays, each with a different isolate. 

cPotatoes which showed no fungus on plated tissues; sprouts from these grown 
without inoculation. 

dPotatoes which showed a Fusarium on plated tissues; sprouts from these grown 
without inoculation. 

o There were no external symptoms of wilt in any of the plants. 

"Recovery of the Cotton-Wilt Fusarium from Sweet Potato and Snapdragon 

After numerous observations indicated that wilt Fusaria invaded non- 
susceptible hosts, an attempt was made to isolate some of the Fusaria from 
these hosts and, by inoculations into a susceptible one, to determine whether 
the wilt organism had been recovered. Therefore, ten sweet-potato plants 
were grown in two pots of sand and inoculated with the cotton-wilt fungus. 
No symptoms of wilt were evident but Fusaria were recovered from nine 
of the ten plants. An isolate from each plant was used to inoculate a pot 
of cotton, and, as noted in table 2, experiment 1, eight of these proved to 
be the cotton-wilt fungus. The ninth isolate was not included in the data 
because it was nonpathogenic to cotton. 

Since the cotton-wilt fungus can invade sweet potatoes when inoculations 
are performed under greenhouse conditions, it was of interest to know if 
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natural invasion occurs in the field. Disease-free sweet potatoes were bed¬ 
ded in steamed sand and both sprouts and vine cuttings were set in a field 
where cotton had died of wilt. Three settings were made from July 24 to 
August 1, 1944. Sprouts and vine cuttings were also planted in steamed 
sand in the greenhouse to check if any wilt might appear but none occurred 
in either the greenhouse or the field. On October 10, sixty-eight plants were 
brought to the laboratory for plating and Fusaria were obtained from 61 
of these. Some of the isolates did not belong to Fusarium oxysporum, so 
only those which appeared most promising from 46 of the plants were tested 
for pathogenicity on cotton growing in pots of sand. When the isolates 
were tested singly or in combinations of two, the results showed that at least 
26 sweet-potato plants carried pathogenic isolates of the cotton-wilt fungus, 
although there may have been as many as 34 since this was the number in¬ 
volved in the various combinations. The percentage of cotton plants wilt¬ 
ing in the individual pots was in the range from 81.8 to 100 per cent with an 

TABLE 2.— Results of inoculations of cotton with the cotton-wilt Fusarium recovered 
from inoculated sweet potatoes or those naturally invaded in the field, and from inoculated 
snapdragons 


Exp. No. 

Origin of isolate 

No. cotton 
plants 
inoculated 

Percentage 

wilt 

Medium for 
growing 
plants 

1 

Sweet potato* 

94 

97.9 

Sand 

2 

Sweet potato, fields 

338 

95.6 

do 

3 

Sweet potato, fields 

114 

0 

do 

4 

Snapdragon 

11 

91.7 

do 


a Eight isolates from 10 plants tested singly. Ninth not included was nonpathogenic. 
h Fifty three isolates from 34 plants tested singly or in combinations of 2 in 27 pots, 
c Seventeen isolates from 12 plants tested singly or in combinations of 2 in 10 pots. 

average of 95.6 per cent for the series (Table 2, Exp. 2). The isolates from 
12 of the sweet-potato plants proved nonpathogenic to cotton (Table 2, Exp. 
3). These results indicated that the cotton-wilt fungus can invade sweet- 
potato plants in the field as well as by inoculations in the greenhouse, so 
there appears to be nothing particularly artificial in the results obtained 
in the greenhouse. 

Twelve snapdragon plants in solution culture were inoculated with the 
cotton-wilt fungus. No wilting occurred but a Ffisarium was isolated from 
two of the plants. The isolates were mixed for the inoculation of cotton and 
91.7 per cent of the plants of the latter wiltecl as shown in table 2, experi¬ 
ment 4. 

Recovery of the Tomato-Wilt Fusarium from Sweet Potatoes and Mimosa 

Ten sweet-potato plants growing in sand were inoculated with a tomato- 
wilt Fusarium but showed no symptoms of wilt in eight weeks. Fusaria 
were obtained from all plant^, but only the isolates from eight were used 
in four pairs to inoculate a total of 20 Pennred tomato plants growing in 
pots of sand. Since all the tomatp plants wilted, it is evident that the to¬ 
mato-wilt Fusarium was recovered from the, sweet potatoes. 
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One of the 13 mimosa plants inoculated with a tomato-wilt Fusarium 
showed a dark streak which extended 3 inches upward in the basal region 
of the stem although the plant was vigorous and showed no external symp¬ 
toms of disease. Two Fusarium isolates obtained from this stem v^re path¬ 
ogenic to tomato. 

Recovery of the Sweet Potato-Wilt Fusarium from Cotton 

Fifty-six cotton plants of the liowden variety growing in a tray of cul¬ 
ture solution were inoculated with a sweet-potato-wilt isolate. There were 
no external symptoms of wilt but Fusaria were recovered from 12.5 per cent 
of the stems. Three of the recovered isolates when used to inoculate sweet- 

TABLE 3.— Results of inoculations of sweet potato with the sweet-potato-wilt Fu¬ 
sarium recovered from cotton which was inoculated in the greenhouse or naturally invaded 


in the field 





Exp. No. 

Sweet-potato isolate 

Percentage 

wilt 

Medium for 
growing 
plants 

lii 

Eottoii** 

117 

100 

Solution 

b 

Cotton‘» 

30 

100 

Sand 

2a 

("otton. Resistant, fiekk 

40 

100 

do 

b 

(Cotton, Resistant, field<i 

45 

0 

do 

c 

d 

3a 

(Cotton, Susceptible, field<> 
Cotton, Susceptible, fields 
Cotton 

70 

55 

5 

97.1 

0 

0 

do 

do 

do 

b 

CottonK 

20 

100 

do 

c 

Cotton*' 

20 

100 

do 

d 

Cotton* 

20 

100 

do 


« Three isolates, each used separately. 

•» Sniue isolates as a, used separately in sand, 
c Eleven isolates used singly or in combination in 8 pots. 

^ Thirteen isolates used singly or in combination in 9 pots, 
e Twenty-one isolates used singly or in combination in 14 pots. 

^ Thirteen isolates used singly or in combination in 14 pots. 

K Four isolates from Avood in basal inch of stem, each used separately, 
h Four isolates from bark in basal inch of stem, each used separately. 

1 Four isolates from wood of tap root, each used separately. 

potato plants grown in solution culture and in sand caused all plants to 
wilt (Table 3, Exp. 1, a-b). This was interpreted as evidence that the sweet- 
potato-wilt fungus can penetrate the cotton stem and exist there without 
producing wilt. To ascertain if this fungus will invade cotton in the field, 
seed of the wilt resistant variety 4-in-l, and the susceptible variety Rowden, 
were planted in a field where sweet-potato plants had died of wilt. Eighteen 
days after planting, 32 and 34 seedlings, respectively, of the resistant and 
susceptible varieties were pulled, and a short basal section of each stem was 
plated on water agar, using the method previously described. Seventeen 
isolates of Fusarium were obtained from the Rowden plants and 20 from 
the 4-in-l plants. Sixty-three days after planting, the remaining plants 
were pulled and treated as above. None of the plants showed any external 
symptoms of wilt yet 18 Fusaria were obtained from 59 of the 4-in-l plants. 
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and 25 from the 61 Howden plants. No effort was made to identify all of the 
Fus«ria obtained but only the cultures which appeared to be Fxisarium 
oxysporum were used in pathogenicity tests. 

The difficulties of making pathogenicity tests with all of the isolates 
were somewhat reduced by testing some of them in combinations, as is shown 
in table 3, experiment 2, a-d. At least 8 and possibly 11 of the isolates from 
the resistant 4-in-l cotton proved to be pathogenic to sweet-potato plants 
while 13 of the isolates were nonpathogenic. At least 14 and possibly 21, 
of the isolates from the susceptible Rowden cotton were pathogenic while 
13 of the isolates were nonpathogenic. These results indicate that cotton 
in the field was invaded by the sweet-potato-wilt Fusarium present in the 
soil and that the invasion of the plants in the greenhouse was not dependent 
upon special conditions. 

Recovery of the Sweet-Potato-Wilt Fusarium from Inoculated Cassia, 
Mexican Clover, Okra, I^age, Tomato, and Soybean 
Numerous inoculation experiments with the sweet-potato-wilt Fusarium 
on various hosts have been conducted. In many cases Fusarium oxysporxim 
was recovered from the stems of plants which showed no symptoms of wilt. 
When some of these isolates were tested on sweet-potato plants growing in 
sand, it was discovered that the original sweet-potato-wilt organism had been 
recovered. The results of the inoculations of Cassia, Mexican clover, okra, 
sage, tomato, and soybean, together with the experimental procedures are 
summarized in table 4. It will be seen that this wilt organism was re¬ 
covered from all of these hosts since sweet-potato plants wilted when inocu¬ 
lated with some of the isolates. 

TABLE 4.— Inoculation of several species of plants with the sweet-potato-wilt Fu¬ 
sarium and the subsequent recovery of the fungus as shown by tests on sweet potato 


Kecovery data 


I HOC Illation data 


Host inoculated with 
sweet'potato-wilt 


Isolates tested on sweet 
potato plants growing 
in sand 


Fusarium 

Medium 

for 

growing 

plants 

i.>U. 

plants 

inocu¬ 

lated 

and 

cultured 

Per¬ 

centage 

recovery 

of 

Fusaria 

No. 

isolates 

tested 

No. 

plants 

Per¬ 

centage 

wilt 

Cassia . 

Steamed Soil 

17 

64.7 

2 

15 

100 

Mexican Clover . 

Solution 

14 

14.3 

2 

5 

100 




5 

0 

Okra . 

Sand 

11 

90.9 

9« 

15 

100 

Sage . 

do 

9 

66.7 

1 

5 

60 

Tomato (Bonny Best) . 

do 

12 

25.0 

1 

5 

100 

Soybean (Yelredo) . 

do 

12 

75.0 

2b 

5 

100 


• In combinations of 3. 
h Two isolates combined. 
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Isolation of the Sweet-Potato-Wilt Fusarium from Naturally 
Invaded Mexican Clover 

Mexican clover growing in hills with wilted sweet-potato plants was ex¬ 
amined and slightly darkened streaks were noted in the lower region of the 
stems of several plants. Fusarium isolates were obtained from these sec¬ 
tions when they were plated. Several of the isolates were nonpathogenic 
to sweet potato but one proved to be the wilt organism since it killed in¬ 
oculated sweet-potato plants grown in sand. Thus a weed which showed no 
external symptoms of wilt was a carrier of the fungus. 

In table 4, it will be noted that the sweet-potato-wilt fungus was isolated 
from two weeds, Cassia and Mexican clover, and four cultivated plants. 
Since the fungus was recovered from plants of widely divergent families, 
it seems reasonable to suppose that it might invade plants of other families. 
All of the plants were exposed to a rather heavy inoculum but this is ap¬ 
parently not a critical factor since the fungus was recovered from both 
naturally invaded cotton (Table 3) and Mexican clover. 

Recovery of the Tobacco-Wilt Fusarium from Inoculated Cassia, Cotton, 
Okra, Sage, Mexican Clover, Cowpea, and Soybean 

A Fusarium isolated from flue-cured tobacco (Tobacco isolate No. 1) 
causes wilt of flue-cured tobacco, Burley tobacco, and sweet potato. In 
other experiments not related to this study, it had been noted that a Fusar¬ 
ium was rather generally recovered from many plants inoculated with this 
fungus, even though they were healthy and showed no external symptoms 
of wilt. The apparent entrance of this fungus into a wide range of plants 
led to its inclusion in these tests in which okra. Cassia, Mexican clover, cot¬ 
ton, cowpea, soybean, and sage were inoculated. Another tobacco-wilt 
isolate (Md. Mudd) was tested only on soybean. 

The recovered Fusaria were tested for pathogenicity on sweet potato 
rather than tobacco since the former is easier to grow and also wilts quickly, 
usually in one to two weeks, whereas it may take as many months to get 
similar results with flue-cured tobacco. 

Detailed data are not presented in tabular form due to limitations of 
space but the tobacco-wilt Fusarium No. 1 was recovered from Cassia, cot¬ 
ton, okra, sage, cowpea, soybean, and Mexican clover, since sweet-potato 
plants wilted when inoculated with the isolates. The ‘‘Md. Mudd^^tobacco 
Fusarium was also recovered from soybean. 

Location of Wilt Fusaria m Tissues of Plants Without Wilt Symptoms 

Nearly all of the nonsusceptible plants from which wilt Fusaria have 
been obtained showed neither external nor internal symptoms of wilt except 
for a slight discoloration of the woody tissues in a small number of cases. 
Since wilt Fusaria readily invade the vascular systems of susceptible hosts 
and to some extent those of resistant varieties, it might be supposed that 
they may be found also in the bundle regions of nonsusceptible hosts. 
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To locate the fungus in the plant the following experiments were per¬ 
formed. The wilt-susceptible Rowden variety of cotton was grown ten 
plants per pot in ten pots of steamed sand. After inoculation with a sweet- 
potato-wilt isolate, the plants grew vigorously, without symptoms of wilt 
and reached an average height of 36.5 inches in eight weeks when the ex¬ 
periment was terminated. Another pot of ten uninoculated plants was used 
as a check. As the plants were removed, all stems and roots were washed 
thoroughly and allowed to dry before being cut into sections. Three sec¬ 
tions of the stem were used, viz., a 1-inch section of the base at the soil line, 
B, the 12th inch from the soil line, C, and the last inch at the tip, D. Later 
the bark was removed from the wood of the basal and middle sections but 
not from the tip section. A 1-inch section of the tap root about i inch be¬ 
low the basal section of the stem was also removed and later the bark was 
separated from the wood. Approximately 1-inch sections of three of the 
side roots were used without separation of bark and wood. All of the sec¬ 
tions were treated in hypochlorite solution by the standard procedure and 
plated on water agar. If the three side roots per plant are eonsidered a 
unit, 880 units of tissue from 110 plants were surface disinfected, plated, 
and then observed for the growth of organisms. Where bark and wood w^ere 
separated, the entire stem or root section was dipped in 95 per cent alcohol 
and immersed in hypochlorite solution for 5 min. It was then placed in a 
sterile Petri dish with the lid slightly raised while bark and wood were 
separated with sterile scalpel and tweezers. The bark was transferred 
directly to water-agar plates. The woody portion, however, was again put 
in the hypochlorite solution for an additional 5 min. to obviate the possibility 
that organisms from the bark might have been transferred to the wood. A 
transfer of a Fusarium isolate was made to agar slants from each of 190 
pieces of tissue on the plates and all but one, were similar in cultural char¬ 
acteristics such as color, type of mycelial growth, lack of sclerotia, etc., to 
the original sweet-potato isolate used for the inoculations. At least one of 
these typical cultures was obtained from some section of all but one of the 
inoculated plants. A portion of the data on the recovery of apparently 
pure cultures of the wilt fungus is shown in table 5. A typical culture 
was obtained from root sections of 65 plants and from the basal inch of stem 
of 62 of the same plants. The largest number of cultures was obtained, 
however, from either the bark or wood of the basal inch of stem of 96 plants. 
A typical Fusarium was recovered from the bark only of 78 and from both 
bark and wood of 18 of the basal sections of these plants. The extensive 
histological studies by other workers with numerous wilt pathogens on sus¬ 
ceptible and resistant varieties of their host plants have shown the penetra¬ 
tion of various host tissues, especially the xylem and cortex. This study 
of plated tissues indicates that the sweet-potato-wilt pathogen may also 
penetrate the above mentioned tissues of the nonsusceptible cotton plant. 
Penetration of the xylem of the nonsusceptible hosts is not established by 
the procedures which were used, but the definite darkening of the xylem 
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region in mimosa, Mexican clover, some of the other plants, and sweet-potato 
roots, indicates that this may be a possibility. On the other hand, the re¬ 
covery of a typical sweet-potato Fusarium from three to four times as many 
cortical sections as from the woody sections of cotton indicates that most of 
the invasion of these plants may be cortical. 

An additional 48 Pusaria which were similar in appearance to the wilt 
fungus were observed on the plates but were not transferred to agar slants. 
Fusarium moniliforme Sheld. appeared on 56 pieces. Some of the more 
common organisms growing in the plates were species of Trichoderma, Pcn- 
icilliumy Alternaria, Macrosporium, and bacteria. Trichoderma occurred 
frequently on root sections and was also found twice on wood sections 12 
inches up the stem. It will be noted that the sweet-potato-wilt Fusarium 
was not recovered from either bark or wood of any 12th-ineh stem section. 
A single culture of F. moniliforme was recovered from the bark of a 12th- 
inch stem section and no other Fusaria were found at tliis height in either 
bark or wood. Forty-four per cent of the 12th-inch stem sections were 
sterile and bacteria occurred on most of the others. Similar results were 
obtained with the tip section. With the exception of F. oxysporum, the 
organisms which occurred in the inoculated plants also were found in the 
check or uninoculated plants. In addition, F. roscum (Lk.) S. and H. was 
found in pieces of bark of three stems and in two pieces of the wood of the 
tap root of check plants. Rudolph and Harrison (9) found this organism® 
in the seed and in steles of healthy mature cotton stems 6 inches above the 
soil line. 

Thirteen of the Phisarium isolates were tested for pathogenicity on sweet- 
potato plants growing in pots of sand. Nine of the isolates were from 
wood section^, five of these from the basal inch of stem and four from the 
tap root. The other four isolates were from the bark of the basal inch of 
stem. All but one isolate, which was different culturally from the others, 
proved pathogenic to sweet potato as is seen in table 3, experiments 3, a-d. 
These results showed that the sweet-potato-wilt fungus occurred in both 
bark and wood of cotton plants but that it was not found 12 inches up the 
stem in a period of eight weeks. The cotton-wilt fungus usually can be 
found in the tips of inoculated susceptible cotton plants in an equal length 
of time. Except in this experiment with cotton, no attempt has been made 
to determine very accurately the percentage of plants of a noiisusceptible 
host from which one of the wilt Fusaria can be obtained but it seems likely 
that the recovery from inoculated plants in the greenhouse will be higher 
on account of the greater inoculum potential. This is indicated by the ex¬ 
periments with cotton in which the sweet-potato-wilt fungus was recovered 
from 12 to 17 per cent of the plants in the field and approximately 99 per 
cent from those inoculated in the greenhouse. Not all of the isolates from 
the latter, which comprised a series of 100 plants, were tested for pathogen¬ 
icity but the close similarity in cultural characteristics of the untested iso- 
F. scirpi Lamb, and Faiitr. according to Wollenwober and Keinking. 
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lates to those which were tested seemed to indicate* a recovery of approxi¬ 
mately 99 per cent. An examination of all the data, however, shows that 
the latter instance is unusual since the recoveries of Fusaria from even the 
succulent sweet-potato stems were in the range of about 20 to 70 per cent. 

The occurrence of Fusaria inside the cotton seed was not considered in 
this study and no attempt will be made to review the literature, which is 
<»iveii in the papers by Armstrong et al. (2) and Kiidolph and Harrison (9). 
The assumption that Fusarium oxyspornm f. vasinfectum (Atk.) S. and H. 
found in seed reached them through the vascular system is plausible since it 
is a vascular pathogen. Kudolph and Harrison (9) found F. moniliforme, 
F. oxysporuMy and F, scirpi {F, roseuni) in receptacles, placentae, and seed 
of mature plants, which they assume reached these tissues through the vas¬ 
cular system since these fungi were found in sections of the stele 6 inches 
above the soil line. In the i)resent investigation the fungi were found in 
2-month-old stems but they had not grown very far up the stems. F. oxy~ 
sporum was not found in any 12th-inch section, F. mnniliforme was in a 
single bark specimen at this height, and F, rosctmi was in a few bark speci¬ 
mens at the same height. The only wood section in which F. roseum oc¬ 
curred was in the tap root. 

TAIiLE .5 .—Mecovery of Fiisarin from sections of roofs and stems of 100 cotton 
plants inoculated with the sweet potato-wilt fungus 


Section of plant 


No. of i)lants giving an apparently 
pure culture of the wilt fungus 


All sections. 

. 99 

All roots. 

65 

B (stem)a 

C2»‘ 

B, bark or wood« . 

96 

C and D . 

0 


« Stem sections of the 65 plants in which the fungus was found in the roots. 

The fungus was found in the bark only of 48 plants and in both bark and wood of 
14 others. 

Tho fungus was found in the bark only of 78 plants and in both bark and wood of 
18 others. 

Hfcovery of a Mixed Culture of Cotton- and Sweet-Potato-Wilt 
Fusaria from Cotton 

The (question next arose as to whether more than one wilt Fusarium 
might invade a plant at a given time, and result in a mixed culture when 
isolated. For example, would a wilted cotton plant contain both the cot¬ 
ton- and the sweet-potato-wilt Fusaria if these were present where it was 
growing ? 

Rowden cotton plants, growing in two pots of sand with 11 and 13 plants 
respectively, were given two inoculations according to the standard pro¬ 
cedures using 250 ml. each of liquid inoculum of a cotton- and a sweet-po- 
tato-wilt Fusarium. A total of 12 wilted plants was removed from the pots. 
Isolations of Fusaria were made from the basal stem sections of all but one 
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of these. Each section was cultured separately on a water-agar plate and 
several transfers from each were made to potato-dextrose-agar slants. It 
was not difficult to obtain cultures free from bacteria and other organisms 
that occasionally grew from the stem if the transfers were made some dis¬ 
tance from the section. Since the cotton- and the sweet-potato-wilt isolates 
selected for the study showed distinct cultural differences, it was possible 
to distinguish roughly which was predominantly present. The cotton-wilt 
isolate produced a blue-green pigment in the agar and formed sclerotia of 
this color, whereas, the sweet-potato-wilt isolate produced only purple tints 
and no sclerotia. The mycelial growth was also different in some respects. 

The isolations on the agar slants which were made directly from the 
cotton stems appeared in some cases to contain only the cotton-wilt fungus, 
in others only the sweet-potato-wilt fungus, and in still others a mixture 
of the two. This variation in composition was again demonstrated when 
transfers of these isolates were made to potato-dextrose-agar plates and the 
cultural characteristics of the resulting colonies were noted. 

To obtain further evidence as to the nature of the cultures, pathogenic¬ 
ity tests were also made in which tep to seventeen cotton plants per pot and 
five sweet-potato sprouts per pot were inoculated at the same time with some 
of the same inoculum from an original isolate of each of eight wilted cotton 
plants. The results of the cultural studies and the inoculation experiments 
are presented in table 6. A study of the plate cultures of these isolations 
indicated that a mixed culture was being used for all but two of the isolates. 
Numbers 1 and 6 seemed to be pure cultures of the cotton-wilt and of the 
sweet-potato-wilt Pusaria, respectively, and pathogenicity tests further in¬ 
dicated that this was true. Three of the cultures caused cotton to wilt but 
not sweet-potato even though the plates showed a mixture of Pusaria. Two 
isolations caused all plants of both cotton and sweet potato to wilt. 

In many plates distinct sectors were produced which resembled one or 
the other of the Pusaria. If it had not been known beforehand that a 
mixed culture was being used, these sectors might have been taken to be 
variants of the cotton-wilt Fusarium which was isolated from the wilted 
cotton plant. The composition of a few of these sectors is shown in table 7. 
A transfer was made from the middle of the sector to a potato-dextrose-agar 
slant, and the resulting culture was used to inoculate cotton and sweet- 
potato plants. It will be seen that none of these sectors was a pure culture 
of either organism even though it had the cultural characteristics of one 
or the other of them. One sector that appeared to be the sweet-potato-wilt 
Fusarium also contained that of cotton and the transfer made from this 
sector apparently was predominantly the latter since no sweet-potato plants 
wilted. Another that appeared to be the cotton-wilt Fusarium failed to 
produce cotton wilt but caused one of five sweet-potato plants to wilt. 

These studies suggest the necessity of using monosporous isolates in 
cross-inoculation experiments since in this case both the sweet-potato- and 
the cotton-wilt organisms occurred in some of the cultures obtained from 
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TABLK 6.— Identity of isolates from wilted cotton plants inoculated with both 
cotton- and sweet-potato-wilt Fusaria as shown by cultural studies and pathogenicity tests. 


Isolation from 
plant no. 

Isolate on agar 
slant resembled 
original culture 
from: 

Isolate on agar _ 

plates resembled 
original culture 
from: 

Inoculation data 

Percentage Percentage 

wilt of wilt of 

cotton sweet potato 

1 

Cotton 

Cotton 

100 

0 

2 

Cotton 

Mixture 

100 

0 

3 

Sweet potato 

Mixture 

100 

100 

4 

Mixture 

Mixture 

100 

100 

5 

Mixture 

Mixture 

100 

0 

6 

Sweet potato 

Sweet potato 

0 

100 

7 

Mixture 

Mixture 

100 

40 

8 

Cotton 

Mixture 

100 

0 


wilted cotton plants. If one had used for the inoculations the cultures ob¬ 
tained from either uniform colonies or sectors, it would have appeared that 
a presumably pure cotton-wilt culture also caused wilt of sweet potato. 

TABLE 7.— Identity by pathogenicity ie.sts of sectors produced on potato-dextrose- 
agar plates by two isolates from wilted cotton plants inoculated with both cotton- and 
sweet-potato-wilt Fusaria 


Plato 

Culture 

No. 

Sector resembled 
original culture 
from: 

Plant 

inoculated 

No. 

plants 

Percentage 

wilt 

1 

(Produced 

3 sectors) 

2 

(Produced 

2 sectors)' 

Cotton 

Sweet potato 

Sweet potato 

Cotton 

Sweet potato 

Cotton 

Sweet potato 
Cotton 

Sweet potato 
Cotton 

Sweet potato 

Cotton 

Sweet potato 
Cotton 

Sweet potato 

10 

5 

13 

5 

10 

5 

14 

5 

15 

5 

0 

20 

100 

40 

100 

0 

92.9 

100 

93.3 

100 



DISCUSSION 




It has been shown by the senior author and others that wilt Fusaria may 
be found in the stems of resistant varieties of the usual host plants without 
either external or internal symptoms of wilt. When numerous Fusaria 
were recovered from the stems of inoculated plants of genera or species that 
were not recorded as susceptible, tests were made to ascertain how com¬ 
monly plants might serve as carriers of many of the wilt Fusaria. The 
results presented in this paper seem to establish the fact that the wilt Fusaria 
are parasitic on many plants that show no symptoms of disease. There 
seems to be no doubt that most of the wilt Fusaria can persist in the soil as 
saprophytes, but the infection of weeds and cultivated plants which have 
not been classed as host plants must affect their persistence in soils. The 
percentage of the Fusaria recovered from some of the plants in both green- 
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house and field was not always high, but in the most detailed experiment 
in the greenhouse the sweet-potato-wilt fungus was apparently recovered 
from 99 per cent of tlie inoculated cotton plants. 

In several instances the senior author has observed that the cotton-wilt 
fungus persisted in the soil for periods varying up to 12 years without an 
intervening crop of cotton, yet the incidence of wilt at the end of these 
periods was high. The impression has been gained from the literature that 
rotations of throe or four years for the control of tomato wilt serve to re¬ 
duce noticeably the incidence of this disease. Is the cotton-wilt organism 
better able to survive the competition in the soil than is the tomato-wilt 
fungus, or does the cotton-wilt fungus enter a greater number of nonsus- 
ceptible hosts than does the tomato organism and thus facilitate its survival? 
Th(^ question cannot be answered from the data which are presented. 

The cotton-wilt fungus was not recovered from bedded sweet-potato 
roots in the single instance wliere a test was made, but,some sound sweet 
potatoes carry Fmarium oxysporvm internally and one is led to infer that 
wilt Fusaria other than the sweet-potato pathogen may also be pres(uit. 
The occasional occurrence of a Avilt Avhere it had not been found previously 
might conceivably be explained by tlie use of some preceding root or tuber¬ 
ous crop that carried the organism to which the latter was not ordinarily 
considered susceptible, as well as by infected seed. In connection with 
other experiments not considered in this paper, Fnsarivm oxysporum was 
present in the internal tissues of sound Irish potatoes. The certified po¬ 
tatoes which were used had been grown in a ri^gion where Irish-potato wilt 
is said to be practically unknown and where the certification authorities 
have a zero tolerance for this disease. 

Harter and Weimer (5) injected the sweet-potato-wilt fungus into stem 
wounds at the surface of the soil using Solanum melongena L., Lycopersi- 
cum escnlentum Mill., and other plants. There were no external symptoms 
of wilt although in most cases there was a blackening of the fibrovascular 
bundles for a centimeter or so about the wound, from which the fungus 
could be recovered. Rudolph and Harrison (9) found Fusarimn monili- 
forme, F, oxysporum, F. scirpi {F. roseum), and another unidentified 
Fusarium in cotton seed which the organisms were assumed to have reached 
through the stele since stem sections 6 inches above the soil line yielded the 
same Fusaria. We have also found the above mentioned organisms in cot¬ 
ton stems as well as F. solani (Mart.) App. and Wr. and some Fusaria as 
yet unidentified. Smith and Shaw (10) inoculated cotton with a wilt iso¬ 
late from fine-cured tobacco in four successive tests without the occurrence 
of typical disease symptoms yet the fungus w’as recovered from the plants. 
Padwiek et al. (7) obtained two Fusarium isolates from field-grown sunn- 
hemp which failed to cause wilt of sunn-hemp but produced a wilt of pigeon- 
pea. Yet their experiments showed the pigeon-pea- and sunn-hemp-wilt 
organisms to be highly specific in causing wilt of each host. 

Lutman (6), using the Irish potato plant especially but also several 
other plants for comparison, attempted to establish the filamentous nature 
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of the irrepfular lines which simulate cell walls. These filaments were 
thought to be Actinomycetes but the isolation of an organism was not at¬ 
tained. 

summary 

Healthy sweet-potato roots were shown to carry internail}" Fusaria of 
the section Elegans which were not the sweot-potato-wilt fungus. Plants 
from these roots also contained Fusaria and it is assumed that they came 
from the parent potato. 

(.^otton, either inoculated in the greenhouse or grown in a field infested 
with the sweet-potato-wilt Fnsarium, was invaded by this organism without 
showing any symptoms of wilt; and, thus, became a carrier of the fungus. 
Likewise, no external symptoms of wilt were noted in the plants mentioned 
below. 

Cassia, Mexican clover, okra, sage, soybean, and tomato were inoculated 
with the sweet-potato-wilt Fusarium and the fungus was recovered from 
the stems as shown by subsc(|iient pathogenicity tests on sweet potato. 

The swcct-f)otato-wilt Fusarium was recovered from the weed, Mexican 
clover, which exhibited no external symptoms of wilt, but grew among wilt¬ 
ing sweet potatoes in a field. 

Tobacco-wilt Fusaria were reisolated from inocula^ed Cassia, cotton, 
okra, sage, cowpea, soybean, and Mexican clover. 

Sweet-potato plants were invaded by the cotton-wilt Fusarium^ either 
from infested soils in the field or inoculations in the greenhouse. 

The cotton-wilt Fumrium was reisolated from inoculated snapdragons. 

The tomato-wilt Fusarium was reisolated from inoculated sweet potatoes 
and mimosa. 

Sections of stems and roots of cotton plants inoculated with the sweet- 
IDotato-wilt Fusarium were plated on agar to determine the location of the 
fungus in .the host. Bark and wood were separated in the root and stem 
sections. The fungus w-as recovered from the wood of the tap root and the 
basal inch of stem, and also from the bark of the basal inch of stem. It was 
not recovered from the 12th inch of the stem or higher, indicating that 
penetration up the stem did not proceed very far in eight weeks. 

Mixed cultures of the cotton- and the sweet-potato-wilt Fusaria were 
used to inoculate cotton, and both Fusaria were reisolated from wilting 
plants. On many of the agar plates containing the reisolations, distinct 
V-shaped sectors appeared with characteristics of one or the other of the 
original cultures. If it had not been known that a mixed culture was being 
used, these sectors might have been considered variants of the cotton-wilt 
Fusarmm, The necessity of using monosporous isolates in cross inocula¬ 
tions with Fusaria to determine host relationships is clearly indicated. 

South Carolina Agricultural Experiment Station, 

Clemson, South Carolina, 

AND 

U. JS. Department of Agriculture. 
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A NEW VIRUS DISEASE OP BLACKBERRY^ 

Norman L. Horn 
(Accepted for publication April 30, 1948) 

In 1942 a single strikingly variegated wild blackberry (probably Rnhtis 
allegheniensis) was observed near Keedysville, Maryland in a raspberry 
growing district. The symptom pattern (Pig. 1, A) suggested that the plant 
might be infected with a virus. Cursory examination failed to reveal simi¬ 
larly affected plants within a radius of approximately 200 yards. In 1947 
a portion of this plant was removed to the greenhouse for further study. 

During this season all blackberry plants within a 200-yard radius were 
carefully examined for variegational symptoms. No other plants bearing 
such extensive variegated areas were found. However, ten plants were 
located in which a few small bright yellow, sharply-defined chlorotic areas 
(0.3 to 1 cm.) appeared on one or more leaves. In most instances, how¬ 
ever, there was only one small chlorotic area on the entire plant. 

Three preliminary approach grafts were made to black raspberry plants 
of the Logan variety to determine the possibility of transmission to this 
species. Within three to four weeks symptoms appeared on all of the test 
plants. These consisted of chlorotic patterns similar to those occurring in 
the blackberry. Two of these raspberry plants were then grafted to 
healthy wild blackberry plants. In botji cases the original pattern was 
transmitted. 

To test transmissibility further, a series of grafts was made in the 
greenhouse as follows: (1) five healthy blackberry plants {Ruhus alls- 
gheniensis collected near College Park, Maryland) grafted to the diseased 
blackberry plant; (2) five healthy raspberry plants (hybrid Cumberlandx 
Evans) grafted to the diseased blackberry plant; (3) five healthy black¬ 
berry plahts grafted to five healthy raspberry plants, which were used as 
controls. The extent of transmission and date of first symptoms are shown 
in table 1. Of the ten plants tested, six developed symptoms of the dis¬ 
ease in question. Symptoms appeared on five of the plants 30 days after 
the grafts were made and on one 73 days after grafts were made. Grafts 
between diseased and test plants in which transmission did not occur were 
examined and in each case there was a definite organic union. 

In every raspberry plant to which the disease was transmitted, first 
symptoms appeared about two feet distal to the graft. The chlorotic con¬ 
dition then continued to appear progressively toward the growing point. 
While symptom expression in the blackberry was similar to that in rasp¬ 
berry, in one case chlorotic areas first appeared on a single leaflet imme¬ 
diately below the graft. This was followed by the appearance of chlorosis 
in adjoining leaves above and below the first infected leaf. In two at- 

1 Scientific publication No. A189, contribution No. 2096 of the Maryland Experiment 
Station, Division of Plant Pathology. 
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TABLE 1 .—Graft tran.'onission of a variegation virus from htackberrij to hlackherry 
and in raspberry 


(drafts 

Healthy raspberry 
to variegated 
blackberry 


TTealthy blackberry 
to variegated 
])lack berry 


.■) Healthy raspberry 
to 5 healthy ])lack- 
berry 


IMaiit miinbcr 

1 

2 

3 

4 

r> 

1 

2 

3 

4 

5 

Controls 


Number of days before 
symptoms appeared 


30 

No symptoms observed^* 
24 
29 
73 

No symptoms observed" 
Do 
24 
Do 


No symptoms observed" 


"(Jrafts were made on September 9, 1947 and no sym[)toms had been obst*rved by 
December 20, 1947. 

tempts the virus was graft transmitted from artificially infected raspberry 
back to healthy blackberry without alteration of induced symptoms. 

The symptom expression varied considerably in individual blackberry 
and raspberry leaflets, ranging from leaflets having only a few white is¬ 
lands to leaflets which were nearly totally wdiite (Fig. 2). Willison- found 
that leaves of peach seedlings vary greatly in their response to peach blotch 
with respect to symptom expression. Figure*1 shows the general pattern 



rio. .1. Typical symptom expression in entire leaves of blackberry and black rasp¬ 
berry. A. Symptoms in blackberry. B. Symptoms in black raspberry. 

2 Willison, R. S. Peach blotcli. Phytopatli. 36: 273-276. 1946. 
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of symptom Expression in typical raspberry (A) and in blackberry (B) 
leaves. 

Raspberry leaf symptoms are shown in figure 2, (A) througli (E). 
Leaflet (A) shows the occurrence of totally green islands which a])pear 
darker green than the normal green areas of the leaf within the chlorotic 
area. Leaflets (B) through (E) illustrate the various positions of the chlo¬ 
rotic areas. Sometimes these occur along the veins (B), along the leaflet 
margin (C), as small white islands (D), and as scattered white islands in 
addition to chlorotic areas along the leaf margin (E). These same symp¬ 
toms occur in blackberry but certain of the less common chlorotic patterns 



Fig. 2. Symptoms in leaflets artificially infected by grafting with the blackberry 
variegation virus. A through E. Symptoms in black raspberry. F through J. Symptoms 
in blackberry. 


(Pig. 2, P, H, and J) occur more frequently than in the raspberry. A 
single blackberry leaf may contain all the leaflet patterns shown in figure 2 
and in raspberry several types may be expressed in a single leaf. 

The infected areas of young leaves of both blackberry and raspberry 
are at first light green, later become yellow, and as the leaves reach ma¬ 
turity, these infected areas become totally white. Blodgett"* found that 
there is a similar color sequence of the chlorotic areas in peach leaves in¬ 
fected with peach calico. 

Leaf tissue from chlorotic areas was examined for inclusion bodies 
Blodgett, Earle O. Peach calico. Phytopath. 34: 650-657. 1944. 
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using the trypan-blue technique described by McWhorter,but none were 
observed. 

Transmission by grafting in over 50 per cent of the attempts together 
with the type of symptoms produced indicate that the causal agent is a 
virus. A search of the literature has not revealed any reference to such a 
virus disease in blackberry or raspberry. 

No economic importance has been attached to this new virus in black¬ 
berry, but since it occurs in the raspberry growing area of Maryland, and 
since black raspberry is a host of the virus, it may be of potential im¬ 
portance. 

Maryland Experiment Station, 

College Park, Maryland. 

^ McWhorter, Prank P. Plant virus differentiation by trypan-blue reactions within 
infected tissue. Stain Technology 16; 143—149. 1941. 



MORPHOLOGY AND TAXONOMY OP THE ONION PINK-ROOT 

FUNGUS^ 

A. M. Gorenz, J. C. Walker, and M . H. Larson-’ 
(Accepted for publication April 30, 1948) 

INTRODUCTION 

Pink root of onion {Allhim cepa L.) is inoited by a soil-inhabiting fun¬ 
gus which has become endemic in many onion-growing sections of the 
United States. The causal organism was thought to be a species of Fu- 
sarium by Taubenliaus and Mally (10), who named it Fusarium malli Taub. 
They based their conclusions on studies of disease development of onion 
sets planted in previously steam-sterilized, Fusarium-inoculated soil. Five 
to 15 per cent of the plants in the inoculated soil became infected as com¬ 
pared with 100 per cent in the non-sterilized soil. They reasoned that this 
difference in infection was probably due to other organisms, especially 
other species of Fnsarium, acting in combination with Fusarium malli, 
Sideris (8) named several new species of Fusarium which he regarded as 
capable of inciting the disease but only a small percentage of the plants in 
his inoculation experiments became infected. In inoculation experiments 
with various Phisaria, including authentic cultures from Sideris, Hansen 
(3) failed to produce the disease. He secured positive results from inocu¬ 
lation with a fungus {Phoma terrestris Hansen) isolated from diseased 
roots. With this fungus he obtained production of pycnidia in culture 
but since only pycnidial primordia were found in infected roots it was 
concluded that mature pycnidia apparently never occurred on infected 
onion roots. The pycnidia were described as subglobose, ostiolate, papil¬ 
late, dark brown to black, carbonaceous, 170 to 350 p in size, and single or 
gregarious. The mature pycnidia varied considerably not only in size, 
but also in shape, papillation, and length and number of ostioles. Some 
isolates were predominantly pycnidial and others were mostly or entirely 
mycelial. There was a tendency of isolates to produce pycnidia abundantly 
when transfers were made with spores and to become mycelial if transfers 
were made with mycelium. In a later paper (4) Hansen referred to this 
tendency as ‘‘the dual phenomenon.^' He considered that the changes 
which occurred in this fungus in culture, as in various other members of 
Fungi Imperfecti, were not due to mutation but to the development of 
thalli which had different complements of nuclei. Thus within Phoma 
terrestris, which he reported to have binucleate spores, he separated out 
three different types by isolating single-spore lines from the original cul- 

1 This investigation was carried on under cooperative agreement between the Depart¬ 
ment of Plant Pathology, University of Wisconsin, and the Division of Fruit and Vege¬ 
table Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Besearch Administration, United States Department of Agriculture. 

2 The writers wish to express their appreciation to Mr. Eugene Herr ling for prepa¬ 
ration of the illustrations. 
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ture. These were desij 2 :iiated as mycelial (M), mycelial-eoiiidial (MC), and 
conidial (C) types. The M and MC types produced normal pycnidia 
whereas the C type produced pycnidia with beaks frequently several times 
as long as the diameter of the pycnidium. 

In the present investigation a large number of isolates from various sec¬ 
tions of United States were assembled. A morphological study was made 
of these cultures and the range of morphological variability was deter¬ 
mined. 

METHODS AND MATERIALS 

Most of the isolates of the pink-root organism used in the course of this 
work were made directly from infected roots. The infected material ar¬ 
rived in excellent condition for making direct isolations when it was packed 
in moist cotton or in moist soil. In other cases, isolations were made from 
plants grown on samples of infested soil. A culture of the fungus was ob¬ 
tained from Michigan and one from California. 

Kecently infected, firm, pink roots were found to be the most desirable 
for isolation, but success was also had with dry material. The roots were 
first washed thoroughly in distilled water, then immersed in 1-1000 mer¬ 
curic chloride solution for three to five minutes or from five minutes to 
three hours in BK solution made by adding one-half teaspoonful of B-K 
powder (50 per cent calcium hypochlorite) to 20 cc. w^ater. The roots im¬ 
mersed in mercuric chloride were washed in sterile water and plated; those 
in B-K solution were removed directly to agar plates. 

A wide variety of nutrient media was used with equal success, each 
plate being acidified with one drop of 75 per cent lactic acid. Thirty 
plates or more were used for each lot of diseased material. Colonies ap¬ 
peared from the plated roots in three to eight days, depending on the 
medium and the method of surface sterilization. Pure cultures of the or¬ 
ganism were often obtained when dead, diseased roots, containing numerous 
pycnidial primordia when dug from the soil, were surface sterilized with 
B-K solution for three hours and plated. In most cases other fungi ap¬ 
peared from the roots in close association with the pink-root organism. 
The colonies of the latter could be recognized by their relatively slow, com¬ 
pact growth, by the greyish aerial mycelium, and especially by the produc¬ 
tion of pigment, which varied in color with the type and reaction of the 
medium but was usually a shade of red. Large numbers of transfers were 
made from the leading edges of such colonies. The sources of the isolates, 
their relative virulence and their sporulating capacities are given in table 1. 

EXPERIMENTAL RESULTS 
Variability of the Isolates 

When the isolates were carried on culture media in test tubes and my¬ 
celial transfers made about every four months, most of them became my¬ 
celial in type. Some of them were kept in MC condition by using the 
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original bit of inoculum in each successive transfer. No mycelial line, e.g., 
the hyphal-tip lines of the Colorado, Utah, Louisiana, and Texas isolates, 
ever reverted to the pycnidial type. The Utah isolate was carried in cul¬ 
ture for six years and in this interval never produced pycnidia either in 
culture or on the host. However, it often produced dark-colored stromata 
in culture and on the host. 

The use of mycelium in transferring did not necessarily result in a 
loss of the tendency to produce pycnidia abundantly. A pycnidial isolate 
from Louisiana retained the sporulating character for 18 months when it 
was kept growing on Petri dishes and transfers were made with mycelium 
from the leading edge of the colony. There appeared to be a relation be¬ 
tween aging and the change from the pycnidial to the mycelial type as 
mycelial transfers from old plates of pycnidial cultures resulted in my- 


TABLE 1 .—The sources of the isolates of the onion pinV-rool organism, iheir viru¬ 
lence and their sporulating capacities 




Pycnidial production 


Source of isolate 

Virulence 

In culture 

On the host 

Louisiaua 

44+» 

^») 

+»> 


(^ilifornia . 

-14+ 

i- 

+ 


(’olorado 


4. 

-f. 

1 . 

Texas . . 

-i++ 

r 

+ 


Utah 

+f 

- 

- 


Illinois ..... 

-H- 

.1 

4- 

Iowa .. . 

++ 

■T 

4 


Massachusetts ,. 

+ 

- 

- 


New York. 

+ 

+ 

+ 


Wisconsin 

+ 

+ 

>- 


Michigan . 

-V 

— 

— 



a 44+ = liiglily virulent; 44 = modorntely virulent; + = mildly virulent, 
b + i:pycnidia produced; -rrno formation of pycnidia. 


celial cultures or gave mycelial sectors. A similar phenomenon was re¬ 
ported by Hansen and Snyder (5) for Penicillnim notatum Westling. 

In attempts to induce reversion of the mycelial type to the pycnidial 
type, cultures were made on a variety of natural and synthetic media; 
tubes were placed out of doors; and cultures on a variety of media were 
exposed to ultra-violet light for a range of time intervals. In no case 
was a reversion from a true mycelial type to a sporulating type observed. 

In one experiment, seed was planted in sand infested 30 days previously 
with a pycnidial isolate. Severe infection of the seedlings resulted but 
pycnidia were very sparse. However, seedlings grown previously in the 
same sand had borne abundant pycnidia. In another case sand was in¬ 
fested with a mixture of equal parts of inoculum from a pycnidial and a 
mycelial strain. Pycnidial production on the seedlings grown in the in¬ 
fested sand was sparse although abundant pycnidia were produced on seed¬ 
lings in sand infested with the pycnidial isolate only. 

Twelve isolates in 13-months-old dehydrated cultures were all viable 
when* transferred to fresh medium. 
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Morphology of the Pycnidium 

The pyciiidia proclueed by the sp()rulatin<j isolates eonforined to the 
description by Hansen of Phoma terrestris with the exception of one char¬ 
acter. In this investigation the pycnidia were found to be setose. Hansen 
did not state that the pycnidium was smooth and he did not include a 



! 




produced on onion roots, x 99. A. The California isolate on root 
tfvX dcon sand- The pycmdia have short setae and are rela- 

SLI ® Louisiana isolate on root of onion 

^ K^own in inoculated sand. The pycnidia have long setae and are not so deep- 
seated as in the case ot the California isolate. D. The Louisiana isolate, after thrL 

Si^own in infested soil. The deformed and 
ti^fers Pyonidia are typical of those in pure culture after repeated single-spore 
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drawiiij^' or photomun-ofi^i-aph of a pyciiidiiim. Carvajal (1) and Sprague 
(9) secured pycnidia in the cultures of some isolates but they did not de¬ 
scribe or illustrate them. 

The length, number and position of the setae on the ])ycnidium varied 
considerabl}^ among the different isolates. The setae of the California 
isolate (Fig. 1, A) were short, few in number, and grouped around the 
ostiole of the pycnidium. Those of the Louisiana isolate were longer and 
more numerous. They were scattered over tlie surface of the pycnidium 
but w^ere most numerous about the ostiole (Pig. 1, B and C). The setae 
of the New' York (Pig. 2, B), Illinois, Iowa, Wisconsin, and Colorado iso- 



Eig. 2. Pycnidia produced on onion seedlings grown in sand culture. A. The Louisi¬ 
ana isolate on roots, x 5. B. The New York isolate on a dead cotyledon at tin* sand sur¬ 
face. x49. The setae are concentrated around the ostiole. 


lates were medium to long, few to numerous, and grouped almost exclu¬ 
sively about the ostiole. 

The pycnidia also varied considerably in size, shape, and papillation. 
Those of the Louisiana isolate (Pig. 1, B) were typically globose and 
slightly beaked. Those of the other isolates tended to be subglobose and 
papillate, especially when produced on the host. An occasional pycnidium 
was found with two or even three ostioles. More variability was encoun¬ 
tered in pycnidia produced in culture than in pycnidia produced on the 
host. After two successive single-spore transfei’s, the Louisiana isolate 
produced pycnidia which were less setose, more irregular in shape and 
smaller in size than those of the original isolate. The same type of pyc¬ 
nidium was produced in culture and on the host (Pig. 1, D). 
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Pycnidial Production on the Host 

Pycnidia of the pink-root organism have not been reported previously 
on the host. This indicates that they are produced rarely on the plant 
in the field. Microscopical examination of diseased roots from the Racine, 
Wisconsin, area showed numerous pycnidial primordia varying in size but 
smaller than the mature pycnidium. Pycnidia were produced in cultures 
of isolates from these roots. 

Mature pycnidia were first found in June, 1946, on the roots of onion 
seedlings grown in sand which had been infested with the first isolate 
secured from Louisiana specimens. This isolate also produced pycnidia in 
culture. Two successive single-spore transfers were made and mass trans¬ 
fers therefrom were used in all subsequent experiments with that isolate. 
A short time later pycnidia were found on seedlings grown in sand mixed 
with the roots and soil of the original consignment of specimens from Loui¬ 
siana. Pycnidia were produced consistently on the host in sand-culture ex¬ 
periments in which this isolate was used as inoculum (Fig. 2, A). Moreover, 
pycnidia were produced on the roots in all cases in subsequent experiments 
in which the hydrogen-ion concentration of the host nutrient, salt concen¬ 
tration of the host nutrient, sand temperature, and host variety were varied. 

The New York isolate produced numerous pycnidia on the dead cotyle¬ 
dons (Fig. 2, B) at the surface of the substrate in the sand-temperature 
studies. They were produced at all temperatures except 16° C. where the 
cotyledons of the seedlings were still alive at the end of the experiment. 
In another series pycnidia were produced on the dead cotyledons and on 
dead seedlings at the sand surface. Certain 't'exas, Iowa, and California 
isolates produced pycnidia in sand culture on dead plants above and below 
the sand surface, each in at least six different instances. Pycnidia were 
produced in sand culture on the dead outer scales of White Portugal bulbs 
inoculated with the Louisiana and California isolates. With soil culture, 
pycnidia were produced on the roots only by the Louisiana isolate (Fig. 
1, D.). 

Histological examination of diseased roots revealed the presence of pye- 
nidial primordia in the cortical region of the root. Immature pycnidia 
were also found that were completely covered by the epidermis of the root 
or cotyledon. Serial sections of mature pycnidia on the roots revealed 
that in sections through the side of .the pycnidium the latter was com¬ 
pletely covered by the host epidermis while in sections through the central 
portion of the pycnidium the latter protruded through the host epidermis 
(Fig. 3). 

Taxonomy of the Fungus 

The history of Phoma as given by Shear (7) reveals the taxonomic con¬ 
fusion that exists with this genus. It was set up by Fries in 1819 and was 
completely emended by Desmazieres in 1849. Saccardo's emended descrip- 
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tion of the genus in 1882 was as follows: perithecia smooth, without a beak, 
subcutaneous, not maculicolous, and spores without appendages. The 
characteristics of the genus as given by Grove (2, p. 58) are as follows: 

“PnOMA. Pycnidia covered by the epidermis or the periderm, 
then erumpent, membranaceous or subcoriaccous, occasionally car¬ 
bonaceous, globose or depressed, glabrous, without a distinct or pro¬ 
longed beak, but with a small (sometimes indistinct) ostiole which 
may be simply impressed, but is more often papillate. Spores, ob¬ 
long or ovoid, more rarely fusoid, or subcylindrical, seldom glo¬ 
bose, continuous, hyaline, typically biguttulate; sporophores simple, 
sometimes very short or imperceptible.” 



Fig. 3. Cross-sections of pycnidia and host tissue from onion seedlings grown in 
inoculated sand. A. California isolate on cotyledon. x260. B. Louisiana isolate on 
root. X180. 


The genus Pyrenochaeta was set up by de Notaris about 1845. His 
original description was not available but the one given by Grove (2) fol¬ 
lows : 

“Pyrenochaeta. Pycnidia globose or conical, immersed, 
then erumpent, membranaceous or subcarbonaceous, pierced at the 
apex, beset with stiff bristles, especially toward the top; texture 
parenchymatous or prosenchymatous. Spores 1-celled, of various 
shapes, hyaline or faintly coloured; sporophores slender.” 

“The characteristic of this genus lies in the possession of bristles 
clothing the external surface of the pycnidium; these are not so 
thick and stiff as those of Vermicularia.” 

The genus Phonia can no longer apply to the causal organism of pink 
root of onion because the genus is characterized as having a smooth pyc- 
nidium. In view of the fact that in each of the isolates in w’hich pyc¬ 
nidia have been observed the latter have been setose, the species is trans- 
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ferred to the genus PyrenochaHa and is designated as Pyrenochaeta ter- 
restris (Hansen) nov. comb. 

Morphology ,—Pycnidia globose to subgJobose, immersed, then erumpent, 
ostiolate, papillate to slightly beaked, dark brown to black, subcarbonace- 
ous, 120-450 fi, slightly to definitely setose when mature, may occur singly, 
frequently gregarious. Setae light to dark brown, 1-5 septate, 8-120 in 
length, few to numerous, generally around the ostiole but may occur over 
the entire pycnidium. Conidia continuous, hyaline, oblong-ovoid, 3.7-5.8 x 
1.8-2.4ft, biguttulate, sessile in the pycnidium, escaping as a gelatinous 
mass through ruptures or as a cirrus through the ostiole. Mycelium sep¬ 
tate, hyaline, guttulate. 

Specimens are deposited at the following: Herbarium of the University 
of Wisconsin, Madison, Wisconsin; Herbarium of the Division of Mycol¬ 
ogy and Plant Disease Survey, Plant Industry Station, Beltsville, Mary¬ 
land ; Farlow Herbarium, Harvard University, Cambridge, Massachusetts. 

DISCUSSION 

Differences in morphology of the pycnidia of the various isolates of the 
pink-root organisms were very pronounced, especially between the Califor¬ 
nia and the Louisiana isolates. Since all isolates caused the same disease 
symptoms it was considered advisable that all the strains be included under 
Pyrenochaeta terrestris. The emended description was made broad enough 
to include all the strains studied. It is interesting to speculate as to why 
the setae have not been noticed by other investigators. It should be noted 
that in the California isolate the setose characteristic was the least marked. 
It may be that Hansen’s (3) original description was made on the basis of 
a similar isolate. Another factor was that the pycnidia produced in cul¬ 
ture, especially on a medium high in dextrose, were overgrown with my¬ 
celium and the setose character was easily missed, especially if the charac¬ 
teristic was not marked. It was when pycnidia were found produced on 
the host that the setae attracted attention. 

The pycnidia have never been found on the host in the field. Experi¬ 
ments with the Louisiana pycnidial isolate showed that pycnidia were 
produced on roots in unsterilized, artificially infested soil. However, none 
of the other isolates produced pycnidia on the host plant in soil even though 
some of them did so on seedlings in sand culture when the same inoculum 
was used. Inoculation experiments in sand and in soil with pycnidial and 
mycelial strains have shown that a pycnidial isolate must be used as inocu¬ 
lum before pycnidia are produced on the host. Other investigators have 
probably inoculated with mycelial isolates, or with inoculum from 20- to 
45-day cultures of pycnidial strains which tend to become mycelial in 
character with age. In this investigation 10-day inoculum was used in all 
experiments. Many of the original isolations were mycelial in type. If 
they were pycnidal in type, special efforts, such as spore transfers or fre- 
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quent mycelial transfers, had to be made to keep them from becoming 
mycelial. Kreutzer (6) made extensive inoculation experiments, but only 
one of his isolates produced pycnidia in culture and thus only one pyc- 
nidial line was available to him. 

A mycelial isolate was never found to revert to the pycnidial type and 
all attempts at artificial induction of pycnidia failed. The change from 
the pycnidial type to the mycelial type occurred very frequently when 
mycelial transfers were made from old pycnidial cultures. However, if 
transfers of young cultures were made continuously the line could be kept 
sporulating, probably indefinitely, by the use of mycelial transfers. The 
use of a mycelial transfer in itself did not cause a change from the pyc¬ 
nidial to the mycelial type. Pycnidial cultures tended to become over¬ 
grown with the mycelial type after they were 20 days old. This indicated 
a connection between aging of the culture and mutation to the mycelial 
type, a phenomenon noted in other fungi. 

SUMMARY 

A large number of isolates of the pink-root organism from various sec¬ 
tions of the United States were assembled and their morphology was studied. 
In some of the isolates, pycnidia were produced in culture media and with 
every such isolate they were produced cither on roots or cotyledons of 
plants grown in inoculated, white silica sand. In the case of only one iso¬ 
late were pycnidia produced on the host grown in soil. This is the first 
report of pycnidia on the host, but as yet they have not been found in 
nature. 

The pycnidia were found to be setose in all cases, although there was 
considerable variation between isolates in number and distribution of setae 
and in other morphological characteristics of the pycnidium. Because of 
the setose character of the pycnidium the species was transferred to the 
genus Pyrenachaeta. 

Isolates which readily produced pycnidia in culture lost this character 
when transfers were made with mycelium from old cultures, in which there 
was a tendency for the fungus to mutate to the mycelial type. When 
sporulating cultures were transferred with mycelium from the advancing 
edge of the colony, or with spores, the sporulating character was re¬ 
tained. No production of sporulating mutants in mycelial lines was ob¬ 
served. 

Department of Plant Pathology, 

University op Wisconsin, 

Madison, Wisconsin. 
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APHID TRANSMISSION OF LILY VIRUSES I)IjRIN(} STORAGE 

OF TUB BULBS 


Floyd F . S i t n i and Philip B r i i: r i. k y 
(Accepted for publication Ma}' 10, 1948) 

Virus diseases constitute a major hazard in commercial cultivation of 
lilies. In the culture of Easter lily {Lilium longiflorum Thunb.) necrotic 
fleck and rosette diseases'^ must be avoided, preferably by selecting planting 
stock that is free from these diseases and planting it at a distance from 
known sources. Some garden lilies, notably L. formomnum Stapf and Jj. 
tigrinum Ker-Gawl., must also be kept free from tlie mottle virus* that is 
common in commercial stocks of Plaster lily and Madonna lily (/>. candidum 
L.) but is not obviously damaging in these species. Some growers therefore 
produce L. formosanuyti and other seed-propagated species in separate fields 
from the self-sterile and hybrid forms which must be projiagated from bulbs. 
The usual practice, however, is to assemble all lily-bulb stocks in one store¬ 
house for cleaning, grading, and packaging. Vector spe(*i(»s of aphids may 
transmit viruses from sfirout to si)rout during this interval in the .storehouse, 
and may thus vitiate the benefit from isolation jiroviued by culture of the 
lily stocks in different fields. 

Our attention was drawn to this problem by an Oregon grower who had 
produced virus-free Lilinm formosanum under suitable isolation for several 
years, but later found an outbreak of lily mottle virus in the planting. No 
source of this virus could be detected near the field, but it was reported that 
the L. fotmoHanum bulbs had been cleaned and graded in the same store¬ 
house with L. candidum bulbs that had been grown elsewhere. 

Experiments were therefore planned to determine whether Aphis gossgpii 
Glover and Myzus pcrsicae Sulz. would colonize on lily bulbs and sprouts 
during storage, and whether A, gossypii could transmit from sprout to sprout 
the persistent lily rosette virus, and M, pcrsicae could transmit the nonper- 
sistent lily mottle and cucumber mosaic viruses. 

Lily mottle virus was taken from naturally infected stock of Liliuni lougi- 
florum var. Creole originally from P^lorida. The virus from this source 
material is similar to and possibly identical with that common in L. can¬ 
didum, Cucumber mosaic virus, a strain originally isolated from necrotic- 
flecked stock of L. longiflo7*um var. Harris! from Bermuda, was maintained 
in seedling Plaster lilies. Lily rosette virus, originally obtained from 
Florida Easter lilies, was also cultured in Easter lily seedlings. Seedlings of 

1 Entomologist, Bureau of Entomology and Plant Quarantine, Agricultural Keseareli 
Administration, United States Department of Agriculture. 

2Pathologi8t, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agriciil- 
tufal Besearch Administration, United States Department of Agriculture. 

3 Brierley, Philip, and Floyd F. Smith. Studies on lily virus diseases: the noerotic- 
tleck complex in Lilium longifloriim. Phytopath. 34; 529-555. 1944. 

* Brierley, Philip, and Floyd F. Smith. Studies on lilv virus diseases; the mottle 
group. Phytopath. 34: 718-746. 1944. 
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L. formosanum or L, longiflorum served as test plants for lily mottle virus 
and for lily rosette virus. As test plants for cucumber mosaic a stock of 
Creole lilies was selected that was free from necrotic fleck but which re¬ 
sponded with fleck symptoms when infected with cucumber mosaic.^ Potted 
plants in good vegetative growth or bulbs out of cool, dark storage with 
colorless shoot or sprout growth ^ to 2 inches long were used to supply the 
virus and as test plants. 

TABLE 1 .—Transmission Trials with Lily Mottle Virus, Cucumber Mosaic Virus, 
and Lily Eosettc Virus by Aphis gossypii, Myzus circumflex us, and M. persicae 





Eatio of plants 

Aphid species 

Source of virus 

Plants inoculated 

infected to 
plants exposed 


Lily Mottle Virus 


Myzus circumflexus 

Sprouts of Lilium 

Sprouts of seedling 

0/5 


longiflorum var. 
Creole 

L, longiflorum 


Myzus persicae 

Do 

Do 

3/18 


Growing plants of 

2/5 



L. longiflorum 
Growing plants of 

10/10 



L, formosanum 

Bulb scales of 

0/9 



L, formosanum 



Bulb scales of L. 

Growing plants of 

1/10 


longiflorum var. 
Creole 

L, formosanum 



Cucumber Mosaic Virus 


Myzus persicae 

Growing plant of L. 

Sprouts otjj. longi- 

2/2 


longiflorum seed¬ 
ling 

florum var. Creole 



Growing plants of 




L. longiflorum var. 
Creole 

4/5 


Lily Eosette Virus 


Aphis gossypii 

Sprouts of L. Umgi- 

Growing plants of 

3/5 


florum seedling 

L. longiflorum 
Sprouts of L, 

7/7 



longiflorum 

Sprouts of L, longi- 

2/3 


florum var. Creole 


MyzVfS persicae, known from previous studies to be an eflBcient vector of 
lily mottle virus and of cucumber mosaic virus, was used in tests with these 
viruses. This species was cultured on cabbage (Brassica oleracea var. capi- 
tata L.), which is nonsusceptible to these viruses, and the aphids were starved 
for 2 hours before they were permitted to feed on source plants—a procedure 
known to improve efficiency of transfer of nonpersistent viruses. M, per¬ 
sicae fed readily on the leaf scales ol sprouts of source bulbs after such a 
period of starvation. The aphids were placed on the sprouts of test bulbs 
and remained there for 2 days, but when moved to the green leaves of grow¬ 
ing lilies all but a few individuals wandered off. 
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Myzus circumflexus Buckt., used in one test with lily mottle virus, was 
reared on potato {Solarium tuberosum L.) and starved for 3 hours before 
being placed on sprouts of the source bulbs. This species fed readily on the 
sprouts of stored lily bulbs. Aphis gossypii, reared on chrysanthemum 
{Chrysanthemum hortorum Bailey), fed readily and increased to dense 
colonies on sprouts of stored Easter lily bulbs that served as sources of lily 
rosette virus. A, gossypii was permitted to feed for 6 days on this source 
material to allow it to acquire this persistent virus, before it was moved 
to sprouts or to growing plants of test lilies. 

Mechanical inoculations from sprouted bulbs of Creole lilies affected with 
lily mottle virus were made on growing plants of Lilium formosanum. The 
Creole bulbs had been held in dry peat for months at 50'^ F., and showed 
white shoot growth J to 1 inch long but no root growth. Bulb scales were 
flaccid after long storage. The white shoot tips of 7 of these bulbs were 
ground in a mortar with a little water, and the macerated tissue was rubbed 
over 10 young L. formosanum plants. Three ofc* these plants showed typical 
lily mottle symptoms. Symptoms were noted 10 days after exposure and 
confirmed after 30 days. A transfer of Myzus persicae (Table 1) from 
comparable material yielded 10 infections in 10 plants. 

In a second test bulb scales of the same bulbs served as source of the virus. 
The outer, shriveled scales were discarded, and intermediate scales that were 
less flaccid were chosen. When ground with a little water they produced 8 
infections in 10 inoculated plants, the symptoms and time interval corre¬ 
sponding to those in the first test. Another transfer of Myzus persicae from 
comparable material yielded 1 infection in 10 inoculated plants. These re¬ 
sults show that the lily mottle virus is present in both scales and shoots of 
stored Easter lilies. They also imply that dormant lily bulbs might be 
indexed to determine the presence of this virus, but as this point has not been 
studied further, the efficiency of s\ich indexing remains unknown. 

The data in table 1 show that Myzus persicae can acquire the lily mottle 
virus from the colorless sprouts and the bulb scales of stored Easter lily 
bulbs. This aphid can transmit the virus to similar sprouts of Easter lily 
seedlings and to growing plants of this species or of Lilium formosanum. In 
a single trial, however, the aphid failed to introduce this virus into the bulb 
scales of L. formosanum —an indication that bulbs that have not begun to 
sprout in storage are less likely to become infected. M. circumflexus did not 
transmit lily mottle virus from sprout to sprout in storage. This species has 
also failed consistently to transmit this virus from plant to plant.® 

Cucumber mosaic virus was readily transmitted by Myzus persicae from 
growing plants of Easter lily to growing plants of Creole lilies, or to the 
sprouts of these lilies in storage. Typical symptoms of necrotic fleck were 
induced in the Creole lilies in both tests. 

Lily rosette virus was readily transmitted from sprout to sprout or from 
sprout to growing plants of Easter lilies by Aphis gossypii. It appears that 
5 See footnote 4. 
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this species can transmit this virus during storage, and can carry it to 
growing plants in nearby fields. As A, gossypii colonizes readily on the 
shoots of stored bulbs, it also seems likely that this insect may be transported 
on them. In addition to carrying lily rosette virus, this species is a known 
carrier of lily mottle, lily symptomless, and cucumber mosaic viruses.® 

It is apparent that lily viruses of both persistent and nonpersistent 
classes may be transmitted during storage of the bulbs by appropriate aphid 
vectors. Evidence is shown (Table 1) that one lilj^ virus can be carried 
from growing plants to sprouting bulbs, and that two others can be carried 
from sprouting bulbs to growing plants. It seems likely, therefore, that lily 
viruses can be carried from the field to the storehouse and from the store¬ 
house to the field when suitable aphid species are present. The hazard of 
long-distance spread by the flight of aphids is of course greater with the 
persistent viruses. In planning segregation of tolerant and intolerant lily 
species, it is advisable to give consideration to the relation of the grading 
and storage facilities to the field plantings, and to keep aphids out of the 
storage house. 

Plant Industry Station, 

Beltsville, Maryland. 

® Sec footnotes ^ and 4. 



THE INEFFK^ACY OF ETHYLENE CHLOROBROMIDE AS A 
THERAPEUTIC AGENT IN THE TREATMENT OF GARDENIAS 
INFECTED WITH THE ROOT-KNOT NEMATODE^ 

A . C . T A R J A N 

(Accepted for publication April 24, 1948) 

Tests were conducted at Beltsville, Maryland, in which 30 two-year-old 
cuttings of Gardenia jasmmoides Ellis with roots badly infected with the 
root-knot nematode, Heterodera marioni (Cornu) Goodey, were subjected 
to various concentrations of ethylene chlorobromide.^ The plants were di¬ 
vided into two groups, the first receiving only one application of the chem¬ 
ical, and the second receiving two applications of the chemical two weeks 
apart. The second application on the second group was planned for the 
following reason:—if the chemical was lethal to all living nematodes but 
failed to destroy the eggs, a two-week period after the first application 
would allow for the hatching of most of the eggs and the resulting nema¬ 
tode larvae would then be vulnerable to the toxic effects of the second 
application. 

Plants which had been growing in six-inch pots were transplanted to 
eight-inch pots so that there would be a one-inch space, around the perimeter 
of the pots, which contained no roots. They were then watered and left for 
two days in order that moisture would be uniform throughout the soil. 
Since the maximum amount of chemical the plants would withstand had 
been roughly determined, in a previous experiment, to be below 0.50 ml., 
treatments applied were 0.40 ml., 0.25 ml., 0.10 ml., and 0.05 ml. of ethylene 
chlorobromide. Because of the small amounts of the chemical involved, 
distilled water emulsions were prepared so that each plant received a total 
of 8 ml. of the emulsion. Before application, the emulsion was thoroughly 
agitated in order that each replicate would receive the same percentage of 
ethylene chlorobromide in proportion to distilled water. 

At the time of application, soil moisture was determined to be 7.01 per 
cent by weight while the soil temperature was 67° P. Method of applica¬ 
tion was as follows: four mutually equidistant holes were pierced two inches 
deep into the soil around the perimeter within each of the eight-inch pots 
containing the plants. Accuracy of dosage was attained by use of a gradu¬ 
ated hypodermic syringe which injected four equal aliquots of the total 
amount into the holes in the soil of each pot; the holes were then sealed 
with soil. In this manner, none of the emulsion was poured directly on the 
roots since the perimeter of the root ball was located one inch from the 
perimeter of the pot. After treatment, all pots were watered lightly. 

1 Scientific Article No. A195. Contribution No. 2108 of the Maryland Agricultural 
Experiment Station (Division of Plant Pathology). 

The author offers his sincere appreciation to the Bartlett Tree Expert Company, 
Stamford, Conn., for financial assistance rendered in making this work possible. 

2 l-bromo-2'chlorocthane (CHaClCIIsBr)- Experimental sample was supplied by Bich¬ 
ard P. Porter of Innis, Speideii and Co., New York. 
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The second group received an additional treatment of 0.05 ml., 0.10 ml., 
and 0,25 ml. of the chemical in emulsion form after two weeks had elapsed; 
there was no additional application of the 0.40-ml. treatment since one 
application proved phytotoxic. Each group was harvested one month after 
its final treatment. 

Preliminary inspei'tions of a few galls after treatment revealed the pres¬ 
ence of active nematodes. In an effort to obtain some type of tabular data 
that would illustrate the degree of efSeacy of ethylene chlorobromide, 
quantitative determinations of parasite population in the roots were ob¬ 
tained by a modification of the Baermami technique—a method proven valid 
for obtaining root nematode population counts in studies of the meadow 
nematode. This method essentially consists of thorojughly washing the soil 
away from the roots of each plant, drying the root surfaces with filter paper, 
and then cutting them up finely until 5 gm. of root clippings are obtained. 

TABLE 1.— The effect of ethylene chlorohromUle on root knot ^nematode popnlatinns 
in Gardenia jasminoides roots 


Boot popuL'ition counts 


Treatment 


One application 


Two aj)plications 


Replicates 

Mean 

R( plicates 

Mean 

Control . . . 

. 30, 

68, 79a 

59 . 

40, 45, 69 

51 

0.05 ml. 

.46, 

80, 195 

107 

36, 41, 68 


0.10 ml. . 

■ 77, 

109, 272 

153 

70, 108, 365 

181 

0.25 ml. 

25, 

52, —•> 

39 


— 

0.40 ml. 

—, 

—, — 

— 

} ) 

— 


a Each number represents the mean of nematode counts (>l)taincd from three 5-ml. 
samples. 

Plants died as a result of treatment. 


This is put in the Baermann apparatus-^ which consists of a six-inch glass 
funnel in which a square piece of finely meshed cheesecloth is suspended by 
means of clamps. A short piece of rubber tubing attached to the end of the 
funnel is closed by means of a metal clamp. The root sample is put into 
the i)ocket formed by the suspended cheesecloth, and water is poured in until 
the root clippings are completely submerged. This apparatus is effective 
in that the nematodes evacuating the root fall to the cheesecloth, wriggle 
through the meshes, and fall to the neck of the funnel. In adopting this 
method for material infested with root-knot nematode, it should be pointed 
out that only the larval forms are capable of leaving the roots, consequently 
this method is in reality ‘‘an assay of the potency of the infection'’^ repre¬ 
sented by the diseased root samples. 

After allowing the root samples to remain in the funnels for li days, 
a ten-ml. sample was drawn off from each funnel. This was increased in 

3 Filipjev, I. N., and J. II. Shuurmans Stekhoven, Jr. A Manual of Agricultural 
Helminthology. 878 pp. Leiden, Holland: E. J. Brill. 1941. 

* As suggested by Dr. G. Steiner, Chief of the Division of Nematology, Bureau of 
Plant Industry, TJ.S.D.A., under whose supervision this work was carried out. 
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volume to 100 ml. by the addition of water, and, after thorough agitation, 
the nematodes in each of the three aliquots of five ml. were counted. The 
mean of these counts was then recorded. 

With hopes of getting some sort of correlation between population 
counts and root condition previous to sampling, each root system was rated 
from ‘‘I’Ho “10,’’ signifying healthy roots and “10” signifying dead 
roots. No correlation, however, was apparent in the final analysis. 

As shown in table 1, one apiilication of 0.25 ml. and two applications of 
0.05 ml. resulted in means lower than the controls. Although the results 
of the former treatment are explainable, no sound reason can be offered 
explaining why the 0.05 ml. treatment mean is less than the 0.10 ml. treat¬ 
ment mean within the two-application group. Another enigma is apparent 
in the lower m(‘an of the controls in contrast to the 0.05 ml. and 0.10 ml. 
treatment means of the one application group and to the 0.10 ml. treatment 
mean in the two application group. 

The explanation of these results may be: (1) The sampling method, as 
used in this experiment, may not have been reliable; (2) The fumigant may 
have weakened the resistance of the plant, thus increasing its susceptibility 
to penetration and subsecpient infection by the root-knot nematode; (3) The 
fumigant may have killed the natural enemies (predatory nematodes and 
parasitic fungi) of the nematodes involved; or (4) There may have been a 
stimulating effect on the development of the parasites by the chemical treat¬ 
ments. Statistical analysis proved the results were Jiot significant because 
of the wide variation of population counts within replicates. 

The only figure which might illustrate a nematocidal tendency on the 
part of the soil fumigant were the results obtained using a treatment of 
0.25 ml. in the one-application grouj). Since this treatment killed one of 
the replicates, its deleterious effects are not compensated for by the reduc¬ 
tion of root nematode populations. Therefore, within the limits of this 
experiment, ethylene chlorobromide is not a suitable therapeutic agent for 
root-knot infested Gardenias. 

Maryland Agricultural Experiment Station, 

C’ollege Park, Maryland. 




SIMULATION OF LILY ROSETTE SYMPTOMS BY FEEDING 
INJURY OF THE FOXGLOVE APHID 

Floyd F. Smithi and Philip Brierleys 
(Accepted for publication May 10, 1948) 

Lily rosette, or yellow flat,^ is one of the most destructive virus diseases 
of Easter lily {Liliuni longiflorum Thunb.) and is also transmissible to 
other species of Lilium,*^ This is one of the most difficult diseases of lily to 
diagnose, for the symptoms of other diseases and injuries may resemble 
more or less closely the resetting and curling effects of the rosette disease. 
We therefore consider that the only positive means of identifying this dis¬ 
ease at present is the melon aphid (Aphis gossypii Glover), specific vector 
of the rosette virus. By this means this disease has been identified from 
field plantings in Florida twice and in Texas once. The rosette disease has 
not been confirmed from other field samples submitted. It is certain that 
similar diseases have been reported as rosette more than once. The most 
common symptoms that bear a strong resemblance to rosette result from 
cold injury, waterlogging, and diseases of the bulbs and roots, such as 
fusarium rot.° A less common but very similar symptom induced by the 
feeding of the foxglove aphid (Myzus coiwolvuli (Kltb.)) is described below. 

Myzus convolvuli was collected on Easter lilies in a Long Island green¬ 
house in November, 1939, and again in 1945. Some curling of the infested 
leaves suggestive of rosette disease was present at both times. Aphids from 
the second collection were placed on an Easter lily seedling infected with 
rosette virus from November 26 to December 5, 1945, and then colonized on 
five healthy Easter lilies for 6 days. After removal of the aphids the 
plants were observed for 3 months, but no symptoms of rosette disease de¬ 
veloped. This aphid is therefore eliminated as a possible vector of the lily 
rosette virus. 

On December 11, 1945, twenty specimens of Myzus convolvuli were 
transferred to three additional healthy Easter lilies and allowed to feed and 
reproduce until January 18, 1946, when they were removed or destroj'^ed. 
At this tirhe all three plants showed marked downward curling of the young 
leaves on which the aphids had been feeding, and also an irregular yellow 
mottling of the old leaves (Fig. 1, A), These feeding effects had a very 
close resemblance to the symptoms of rosette disease (Fig. 2), and also sug¬ 
gested the presence of lily mottle disease. However, further growth of these 

1 Entomologist, Bureau of Entomology and Plant Quarantine, Agricultural Research 
Administration, United States Department of Agriculture. 

2 Pathologist, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Administration, United States Department of Agriculture. 

3 Ogilvie, L. A. A transmissible virus disease of the Easter lily. Ann. Appl. Biol. 
16: 640-562. 1928. 

* Brierley, Philip, and Floyd F. Smith. Additional species of Lilium susceptible 
to lily rosette virus. Phytopath. 36: 129-131. 1945. 

5 Brierley, Philip, Floyd F. Smith, and F. P. McWhorter. Diseases of Easter lilies 
important in domestic production. Florists' Rev. 93 (2411) ; 21-23, 94. 1944. 
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Fig. 1 . Easter lily showing? effects of feeding by foxglove aphids: A, Stunting, 
curling, and mottling in young growth; B, Persisting old injury and normal new growth 
in same plant five weeks after removal of aphids. 

plants after removal of the aphids was normal (Fig. 1, B), the curling per¬ 
sisting at the zone of injury only. 

Gadd and Loos® described a disease condition in Lilium longiflorum in 
Ceylon and also the symptoms of leaf curling and chlorotic spotting that 
developed after healthy lilies were colonized with green aphids of an un¬ 
identified species. They also reported the development of chlorotic spots 


V 



Fii3. 2. Easter lily infected with rosette disease by viruliferous Aphis gossypii, 
flGadd, C. H., and C. A. Loos. Lily mosaic. Trop. Agr. (Ceylon) 94; 160-167. 
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on cucumber, tomato, and turnip in about 5 days after the transfer of the 
same aphid from lily. They concluded that the virus involved was that of 
cucumber mosaic, although the symptoms were confined to the leaves fed 
upon by the aphids. The symptoms they illustrated were not typical of 
mosaic patterns and resembled the feeding injury by the foxglove aphid in 
our experiments. In response to our request Mr. Gadd sent us specimens of 
his green aphid, and P. W. Mason confirmed our identification of these spec¬ 
imens as being typical Myzus convolvuli, Mr. Gadd also indicated that the 
diseases of Easter lily in Ceylon were apparently a complex of viruses 
which included both necrotic fleck and rosette. 

In the authors’ experiments with lily viruses extending over several 
years, Myzus convolvuli failed to transmit lily mottle (0/29),' cucumber 
mosaic (0/8), lily symptomless virus (0/37), and lily rosette virus (0/8). 
Chlorotic spots or leaf curling, or both, followed in 5 or 7 days after this 
aphid was colonized on several of its many hosts, including African violet 
{Sadntpaulia ionantha Wendl.), geranium {Pelargonium hortorum Bailey), 
potato {Solaiium tuberosum L.), tomato {Lycopersicon esculentum Mill.), 
cucumber {Cucumis sativus L.), turnip (Brassica rapa L.), and lily. The 
symptomatic period of the lily viruses was 10 days or longer wdien trans¬ 
mitted by their known aphid vectors. 

It is clear that Myzus convolvuli is not a vector of either lily rosette 
virus or lily mottle virus, although its feeding injuries simulate the symp¬ 
toms of both virus diseases. 

This species is encountered only occasionally on lilies in greenhouses, 
but establishes persistent colonies where it occurs. Fairly large numbers 
on rapidly expanding young growth are n.eded to induce the injury sim¬ 
ulating lily rosette, but it seems likely that such injury will be observed 
occasionally and may be misinterpreted by observers who are not fore¬ 
warned. 

Agricultural Research Center, 

Beltsville, Maryland. 

7 Ratio of plants infected to phmts exposed. 



NUCLEAR INCLUSIONS PRODUCED BY A STRAIN OF TOBACCO 

MOSAIC VIRUS^ 

M. W. WOODS2 and Bichabd V. Eck 3 
(Accepted for publication May 10, 1948) 

INTRODUCTION 

Although nuclear inclusions have been described in about 30 different 
virus diseases of animals, they have been reported much less frequently in 
plants. Iloggan mentioned finding square or oblong plates of undetermined 
nature in nuclei of solanaceous plants infected with tobacco mosaic virus 
(4). Kassanis (6) and Bawden and Kassanis (2) have reported protein 
crystals in the nuclei of solanaceous plants infected with severe etch or mild 
etch virus. McWhorter (8, 9) observed crystalline inclusions in both nuclei 
and nucleoli of leguminous plants infected with either Pisum virus 2 or 
Phaseolus virus 2. So far as we are aware, these constitute the only plant 
virus diseases in which nuclear inclusions liave been described. These 
authors reported that the nuclear incaisions associated with the above 
mentioned legume and etch viruses were structurally rather stable, could be 
mieromanipulated from the nuclei, and were not soluble under physiological 
conditions. Such inclusions do not occur in the nuclei of healthy plants. 
Although the inclusions induced by etch virus were very similar to the 
nucleoli in their staining reaction, Sheffield (10) has been able to demon¬ 
strate differences. She points out that in general these plant nuclear in¬ 
clusions, which show protein color reactions, have many properties in com¬ 
mon with the nu'^lear protein inclusions characteristic of the polyhedral 
diseases of Lepidoptera. 

The present paper reports nuclear inclusions of types that so far as 
we can find have not been described before, although Hoggan (4) may have 
observed one of these types. 

MATERIALS AND METHODS 

Virus, The strain of tobacco mosaic virus {Marmor tahaci Holmes) 
which induces the formation of nuclear inclusions (1C) has been described 
elsewhere (5). For purposes of comparison, a strain of ordinary ‘‘green 
mosaic’’ (2A) and a “yellow mosaic” mutant (2A-1) were used. 

Plant Material. Test plants included Nicotiana tahacum L. var. Turk¬ 
ish, N. tdbacum L. var. Maryland Medium Broadleaf, N. paniculata L., 
N. glutinosa L., Capsicum annum L. var. California Wonder, and Lyco- 
persicon esculentum Mill. var. Rutgers. Leaf tissue for histological study 
was prepared by infiltrating the intercellular spaces with a complete nu- 

1 Scientific Paper No. A199. Contribution No. 2114, Department of Botany, Uni¬ 
versity of Maryland, Agricultural Experiment Station. 

2 Formerly Assoc. Professor of Botany, University of Maryland, College Park, Mary¬ 
land. 

a Graduate Assistant in Botany, University of Maryland, College Park, Maryland. 
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trient salt solution containing 5 per cent sucrose. The tissue was immersed 
in this solution in a flask, and suction applied intermittently. Then sec¬ 
tions 4-5 cells thick were cut with a very sharp razor. Tissues so prepared 
may be kept alive for several days on the microscope slide if the solution is 
changed to provide oxygen. 

SYMPTOMS 

The ^‘nuclear strain/’ 1C, induces a diffuse yellow spotting on inocu¬ 
lated leaves of Nicotiana tdhacum, followed by a bright yellow systemic 
mottling similar to aucuba mosaic. Similar symptoms are produced on N. 
paniculata, Lycopersicon esculentum, and Capsicum annum. Localizing 
necrotic lesions are produced on N. glutinosa. Nuclear inclusions have been 
observed in all of these species, except N. glutinosa, when infected with 
virus 1C. 

PROPERTIES OF THE VIRUS 

With respect to thermal inactivation and resistance to desiccation, virus 
1C behaved in a manner typical of tobacco mosaic virus. ' Material dried 
one year or heated to 80° C. for ten minutes induced typical symptoms and 
nuclear inclusions. 

Physical Properties. With respect to size and shape, the partieles of 
all three strains are typical for tobacco mosaic (5). Virus 1C, however, 
has a somewhat higher isoelectric point and can be separated from mixtures 
with 2A by cataphoresis (5). 

INTRACELIAUiAR INCLUSIONS 

Three types of inclusion bodies have been observed in affected cells, 
(a) Crystalline or flbrous proteinaceous inclusions in the cytoplasm, (b) 
loosely aggregated amorphous proteinaceous precipitates in the cytoplasm, 
the “X-body” type, and (c) inclusions in the nucleus which are apparently 
identical or very similar to the.types formed in the cytoplasm. Inclusions 
have not been found in nucleoli. 

The crystalline or fibrous inclusions are very unstable and go into solu¬ 
tion when the cell is mechanically injured. The amorphous precipitates 
are not destroyed by such treatment. The unstable type of inclusions in 
both cytoplasm and nucleus present a wide variety of forms (Fig. 1 and 2), 
although within lesions of the same age on the same leaf considerable uni¬ 
formity exists. 

The number of both nuclear and cytoplasmic inclusions reaches a maxi¬ 
mum in from 10 to 20 days after infection of the cells. Beyond this time 
these inclusions have been observed less frequently. Similar behavior of cy¬ 
toplasmic inclusions in ordinary tobacco mosaic has been described (7). 

Nuclear inclusions of the types described here were never observed in 
non-infected tissues. It is noteworthy that in spite of the polymorphism 
of the inclusions there was a marked tendency for them to take the same 
form in the nucleus and cytoplasm of the same cell (Fig. 1). This would 
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indicate that the conditions affecting the orientation of particles as the in¬ 
clusions are formed are similar in the cytoplasm and nucleus of a cell. An 
exception was the rarely observed ring-shaped inclusion (Pig. 2, E). This 
type was found in the nuclei only. They strongly resemble the rings and 
figures of eight, described by Suchkov (11) in the cytoplasm of mosaic-in¬ 
fected gramineae. 

The cytoplasmic inclusions induced by strain 1C, and those formed by 
typical green and yellow mosaic (2A and 2 A- 1 ) seem to have many prop¬ 
erties in common. On treatment with HCl at pH 1.3 they all break down, 
frequently with formation of needles. If treated with saturated ammo¬ 
nium sulfate they do not break down when the cell is ruptured or treated 
with certain reagents. Such salt treatment makes possible various tests. 



Fig. 1. Nuclear and cytoplasmic inclusions in living leaf cells of Nicotinia tdbacum 
L. var. Turkish inrected with tobacco mosaic virus strain 1C. In all drawings viro- 
plastic inclusions appear as solid black. A. Nucleus and plastids of non-infected cell. 
B. Cell with amorphous trypan blue-positive nuclear and cytoplasmic inclusions. C. 
Portion of long fibrous cytoplasmic inclusion lying among plastids. D. Elongated plate¬ 
like nuclear and cytoplasmic inclusions in one cell. All figures represent lino drawings 
over original photomicrographs. 785 x. A striate structure not shown in the drawings 
was visible in the fibrous inclusions. 

The inclusions then give a red coloration with Millon’s reagent, and an 
orange yellow color when treated with concentrated HNO 3 and Nn 40 H. 
These inclusions are therefore probably proteinaceous. Trypan blue (0.05 
per cent) intensely stains the non-crystalline inclusions (“X-bodies^^) in¬ 
duced by all three virus strains whereas the crystalline or fibrous inclusions 
do not so stain. The nuclear inclusions induced by virus 1C behave in all 
these respects like the cytoplasmic inclusions. 

Killed Nuclei. Nuclei of cells infected with virus 1C and killed in sec¬ 
tioning, often presented a very characteristic appearance not observed in 
cells infected with the other viruses. In many instances all of the inclusion 
material had gone into solution leaving a very large clear space (usually 
occupying most of the nuclear volume) with the visible structural material 
of the nucleus, including the nucleolus, surrounding it. The nucleoli were 
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Fig. 2. Photomicrographs of living Turkish tobacco mesophyll cells containing 
nuclear and cytoplasmic inclusions. A. Fibrous inclusions. B. Platelike inclu. ion 
surrounded by clear space in nucleus. C. Platelike inclusion in cytoplasm. D. Block¬ 
like nuclear inclusion. E. Ring-shaped inclmion surrounding nucleolus. All pictures 
1535 X. A line drawing of A appears in figure 1. 
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apparently not changed structurally. Treatment of such nuclei with satu¬ 
rated ammonium sulfate generally resulted in precipitation in the central 
clear space of masses of closely packed parallel needles. These needles 
gave positive Millon’s and xanthoproteic reactions. Some damaged nuclei 
(not treated with ammonium sulfate) contained within the central clear 
space extensive needle- or spike-like crystalline deposits, usually much 
larger than those formed following treatment with ammonium sulfate. 
Such forms were not observed in undamaged nuclei. 


SUMMARY AND CONCLUSIONS 

All of the evidence to date shows that the nuclear inclusions induced by 
tobacco mosaic virus strain 1C are similar or identical to those occurring in 
the cytoplasm of the same cells. The nuclear and cytoplasmic inclusions 
induced by this strain reacted in all our tests like the various proteinaceous 
cytoplasmic inclusions found in cells infected with ordinary types. As 
Beale (3) and Bawden (1) have pointed out, the crystalline inclusions 
found in these infections are probably composed at least in part of virus. 
The present data suggest, therefore, that a strain of tobacco mosaic virus 
exists which is capable of invading nuclei of cells. 

University of Maryland, 

College Park, Maryi;And. 
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BLOSSOM AND SPUR BLIGHT (SCLEROTINIA LAXA) 

OF SOUR CHERRY 

E. C. Cal AVAN and G. W. Keitti 
(Accepted for publication May 17, 1948) 

Blossom and spur blight of sour cherry (Primus cerasus L.), incited by 
Sclerotinia laxa Ador. and Ruhl., was discovered in Baileys Harbor Town¬ 
ship of Door County, Wisconsin in 1941 (21). Subsequently, the fungus 
was found in the Sturgeon Bay cherry district, where several local outbreaks 
occurred. Although its natural occurrence in the eastern half of North 
Ameri(^a was established only recently (21), Sclerotmia lam has been a 
serious pest for many years in most other humid stone-fruit regions of the 
world, with the exception of Australia and New Zealand (14, 16, 35, 42, 44). 

The time and manner of introduction of ScLerotinia laxa into North 
America are unknown. The first detailed cultural studies of American 
isolates were made by Posey (31, 32) in 1913 in Oregon. At that time spur 
blight was already established in most humid stone-fruit areas in British 
Columbia and the Pacific Coast States and probably had been present in 
central California since about 1900 (6, 16). In the Pacific Coast States 
S. laxa has become the major brown-rot organism in some localities (3, 16, 
23). East of the Rocky Mountains it has been reported only from Wiscon¬ 
sin. 

Sclerotinia laxa has been studied extensively in Europe and western 
North America, but no comprehensive work concerning its development and 
satisfactory control on sour cherry under conditions closely approximating 
those of Wisconsin has been reported. This paper presents the results of 
experimental studies from 1941 to 1945 concerning this i)athogen and its 
control on sour cherry in Wisconsin. A preliminary report has been pub¬ 
lished (9). 

SYMPTOMS 

The first symptoms on sour cherry appear as brown lesions on the petals 
or as a browning of the stigma, style, or stamens. In stigma infection the 
darkened area spreads down the style (Fig. 1, A) to the ovary, from which 
it extends outward to other flower parts and downward through the pedicel. 
From a diseased pedicel, infection may extend to the supporting twig or 
branch. With stamen infection, browning usually appears at the tip of the 
filament but soon progresses to the rim of the floral cup, where a small, 
light-brown lesion is formed at the juncture of the stamen and the rim 
(Fig. 1, B). This spot enlarges into a dark-brown, “U’’-shaped area on the 
side of the floral cup (Fig. 1, C). From the floral cup the browning ex¬ 
tends through the receptacle and pedicel. Occasionally infection may reach 

1 Grateful acknowledgments are made to J. Duain Moore for participation in the 
experiments on control, to Eugene Herrling for preparation of the illustrations, and to 
E E Wilson, C. E. Owens, S. M. Zeller, and Folke Johnson for collections of S, laxa, 
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the rim of the floral cup from a diseased petal and produce symptoms re¬ 
sembling those resulting from stamen infection. 

The fungus spreads readily from the base of a pedicel to surrounding 
bracts and to other pedicels of the cluster, and thus it rots the pedicels 
of flowers which previously may have escaped infection (Fig. 1, D). 

Wilting of blossom clusters occurs within 4 to 15 days after infection. 
During moist weather such clusters may bear a loose layer of gray, sporu- 
lating hyphae or occasional small sporodochia. Leaves on diseased spurs 
may wilt at any time from 10 days to 6 weeks after blossom infection. Pen¬ 
dant clusters of shriveled leaves and blossoms (Fig 2, E, F) constitute the 
most conspicuous manifestation of this disease. 

Frequently the fungus grows from killed spurs into larger branches, 
where its invasion often leads to the formation of elliptical cankers (Fig. 2, 
G). When the attack is especially severe, branches may be girdled and the 
distal portions killed within a few weeks (Fig. 2, E). Gum pockets com¬ 
monly are present near the margins of young cankers, and masses of clear 
to amber-colored gum often exude from diseased spurs and branches. 

Gray sporodochial tufts (Fig. 2, A, B, C), usually less than 1.0 mm. high 
and from 0.5 to 3.0 mm. in diameter, form in the spring from shortly before 
budbreak (in Wisconsin) until shortly after bloom. Sporodochia may de¬ 
velop anywhere on the dead twigs or adherent parts but are especially 
abundant between bud scales, on the bracts, and in the floral cups of over¬ 
wintered blossoms. 

Although Sclerotinia laxa is most important as a blossom- and twig- 
blighting organism, it also is able to attack both green and ripe fruits, upon 
which it induces symptoms very similar to those of American brown rot in¬ 
cited by Sclerotinia fructicola (Wint.) Rhem. Decaying fruits darken and 
may be covered by numerous spore tufts during moist weather. 

Leaf infection, except by direct contact of leaves with diseased material, 
is rare. However, it was obtained experimentally in the greenhouse fol¬ 
lowing inoculation by conidial suspensions. Lesions appeared first as small, 
chlorotic spots which soon became gray to brown. Under very moist con¬ 
ditions the necrotic areas enlarged rapidly (Pig. 2, D) and occasionally ex¬ 
tended down the petiole to the shoot, as reported on sweet cherry by Maier 
and Mittman-Maier (26). 

The symptoms described above agree in many respects with those re¬ 
ported for European brown rot of stone fruits on various hosts in Europe 
and western North America (10, 18, 24, 44). 

THE CAUSAL ORGANISM 

The taxonomy, synonymy, and history of Sclerotinia laxa Ader. and 
Ruhl. and closely related species have been reviewed by many authors (7, 13, 
15, 17, 27, 35, 42) since the first brief description of Torula fructigena, f.om 
specimens possibly containing both S, laxa and S, fructigena, was published 
by Persoon (30) in 1796. Some uncertainty remains, however, regarding the 
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Fio. 2. Selerotinia laxa on sour cherry. A-C. Sporodochia on overwintered dead 
parts. D. Leaf lesions. E. Blighted terminal shoot. F. Blighted spurs. G. Branch 
canker. 
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ultimate disposition of certain questions concerning the correct binomial for 
the supposed 8. laxa of North America. Among the phenomena which merit 
further investigation are the ability of an isolate of 8, fructicola to assume 
the colony characters of 8, laxa under certain conditions (Fig. 3), the exis¬ 
tence of numerous variants with colony characters in vitro intermediate 
between those typical of 8. laxa and 8. fructicola (Pig. 4, 6-J), and the 
apparent absence of apothecia of 8. laxa in North America. Possibilities 
exist that North American isolates herein designated as 8. laxa may be 
variants of another species (possibly 8, fructicola), hybrids, heterocaryons, 
or a species of Monilia having no perfect stage. 

Reference of the fungus inciting blossom and spur blight of sour cherry 
in Wisconsin to 8clerotinia laxa Ader. and Ruhl. is based on comparisons of 



Fig. 3. Colonies of Sclerotinia fructicola (upper row) and S. laxa (lower row) on 
potato-dextrose agar 33 days at the following temperatures: left to right; 4°, 8°^ 12°, 
and 16° C. Chiltures in the upper row are from plum at Madison, Wisconsin; those in the 
lower row, from sour cherry at Baileys Harbor. Note lobing and zonation of the S. 
fructicola cultures at 4° and 8° C. 

Wisconsin isolates with isolates of the organism widely accepted as 8. laxa 
obtained from California, Oregon, and Washington and on numerous de¬ 
scriptions and illustrations of the fungus in American and European litera¬ 
ture (4, 10, 13, 16, 28, 31, 41, 43). This identification of the fungus is re¬ 
garded as tentative pending possible discovery of its perfect stage and the 
development of a better basis for differentiating 8clerotinia spp. on stone 
fruits. 

Colony characters. On potato-dextrose agar and on many other artifi¬ 
cial media, Sclerotinia laxa characteristically formed rounded lobes at the 
margin of the colony (Fig. 3). However, different isolates varied greatly 
in the number and width of lobes produced (Fig. 4), and some isolates from 
almond (California) formed only a few lobes. 

Concentric zonation is another important colony character of all Wiscon- 
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Fig. 4. Colony forms of Sclerotinia laxa on potato-dextrose agar 20 days at 16° C. 
A-C. Nos. 71, 67, and 93, from immature fruits of Prunus cerasuSy Baileys Harbor, Wis¬ 
consin. D. No. 1, from spur of P. cerasua, Baileys Harbor. E. No. 86, from spur of 
P, pennsylvanica, Baileys Harbor. F. No. 51, from twig of Chaenomelea japonicay Cor¬ 
vallis, Oregon. G. No. 68, same source as A-C, H, I. Nos. 35 and 36, from blossoms 
of P. AmygdaluSy California. J. No. 50, from mummified fruit of P. domestica, Cor¬ 
vallis, Oregon. K, L. Nos. 42 and 41, from twigs of P. AmygdaluSy California. 
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sin isolates and most others examined. Zones apparently are produced by 
the periodic interruption of radial growth in favor of a thickening of the 
mycelial mat. After each interruption radial growth is resumed, usually 
from points other than the apices of the lobes, but the new growth remains 
very thin as long as radial growth continues. Lobing and zonation in arti¬ 
ficial cultures of Sclerotifiid Icixd have been discussed extensively by Kil¬ 
lian (24). 

The color of cultures of Sclerotinid laocd on potato-dextrose agar or on 
other media may vary with different isolates. Young cultures are usually 
white or gray until the first interruption of their radial growth, which nor¬ 
mally occurs when they are 20 to 40 mm. in diameter. At about this time 
the sub-surface mycelium begins to darken, particularly at the place of seed¬ 
ing and near the margins of the lobes. As the colony ages this mycelium 
often becomes black or greenish black, though in a few isolates it turns yel¬ 
low or reddish brown. The aerial hyphae usually retain their light color 
longer than those in contact with the substratum. 

Sporuldtion in culture. The scarcity of Sclerotinia laxn conidia in cul¬ 
ture has been recorded by Berkhout (5), Ezekiel (13), and many others. It 
has constituted a serious problem to workers desiring to make large-scale in¬ 
oculations by means of spore suspensions. 

Most isolates of Sclerotinid laxd produced few or iiu conidia on potato- 
dextrose agar and various other artificial substrata at moderate tempera¬ 
tures. Therefore, various methods were tried to obtain sufficient conidia 
for inoculation experiments. Petri-dish cultures on nutrient, nutrient- 
dextrose, corn-meal, malt, oat, potato-dextrose, and prune agars, prepared 
according to the formulae in Hiker and Riker (33), were made and incu¬ 
bated at 20° C., but very few spores formed. Cultures on steamed potato 
plugs gave only slightly better sporulation. 

Many conidia were formed, however, in about 10 weeks on potato-dex¬ 
trose agar cultures of various Wisconsin isolates grown at low tempera¬ 
tures (4° to 8° C.). Equally good results were obtained in about 8 weeks 
when cultures were started at 16° to 20° and transferred to 4° C. after 10 
to 15 days. This treatment made possible the production of large amounts 
of conidial inoculum at any season, but required the maintenance of many 
cultures. 

Conidia of Scleratmid Idxd were formed also on inoculated apples and 
pears. Wisconsin isolate 1, when inoculated into overripe Bose pears and 
incubated in a moist chamber at 20° C., produced well-developed sporodo- 
chia within 60 hours. Under similar conditions small sporodochia were 
formed on Emperor grapes in 36 hours. On apples sporulation was slow 
and variable. Many sporodochia were produced on 3 of 5 inoculated Jona¬ 
than apples in 5 days at 20° C., but very few spores appeared on 5 Wealthy, 
5 Red Delicious, and 10 McIntosh apples similarly treated. Good sporula¬ 
tion occurred on fresh sour cherries, but not on canned or frozen sour cher¬ 
ries, frozen peaches, or on dried prunes. 
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The best yield of conidia was obtained by growing the fungus on Em¬ 
peror grapes. For best results the grapes were used raw or heated to 60° C. 
for 10 minutes. Relatively few conidia formed on autoclaved grapes. With 
the exception of a few isolates from California, abundant sporulation de¬ 
veloped in 3 or 4 days in cultures on slightly heated grapes. 

Microconidia, almost spherical and about 2.5 fi in diameter, were pro¬ 
duced in tremendous numbers by most isolates of Scleratinm laxa on various 
substrata under a variety of environmental conditions. The microconidia 
are formed in chains on tiny sterigmata borne by club-shaped structures. 
They are imbedded in a matrix and appear on the surface of a culture as 
slimy masses of variable color, usually cream, yellow, dark green, or black. 
The sexual function of microconidia of S. Oladioli (Massey) Drayton has 
been discussed by Drayton (12), but the sexual nature of microconidia of 
8. laxa has not been demonstrated. 

Apothecia of Sclerotinia laxa have not been produced in culture on arti¬ 
ficial media. Their occasional occurrence on mummified fruits has been 
reported from Europe (1) and the British Isles (40), but not from North 
America. Stalked structures that suggest apothecial fundaments, i to J 
inch high, formed in some cultures of isolate 62 (Washington) and of iso¬ 
late 21 (Wisconsin) but failed to mature into apothecia. 

TemperattirG relationships. The effect of temperature on the radial 
growth rates of Sclerotinia laxa isolates 2, 21, and 23 was studied briefly, 
and comparative tests were made with 8. fructicola isolates 4 and 32. Each 
culture was grown on 20 cc. of 2 per cent potato-dextrose agar in a Petri 
dish. The cultures were started by placing a standardized seeded disc, 
3 mm. in diameter and 2 mm. thick, of 2.5 per cent dextrose agar at the 
center of each Petri dish. Triplicate cultures of each isolate were incubated 
at 4°, 8°, 12°, 16°, 20°, 24°, 28°, 32°, and 37° C. Measurements of radial 
growth were made after 2, 4, 7, 14, and 30 days. Radial growth of the 3 
8. laxa isolates and isolate 12 of 8. fructicola in 4 days was greatest at 28°, 
whereas 8 . fructicola isolate 4 grew most rapidly at 24° C. In 7 days 8. 
fructicola grew more than 8. laxa at 12°, 16°, 20°, and 24°, but less at 4° C. 
At 8° C. 8. fructicola isolate 4 grew faster and isolate 12 slower during the 
first week than any of the 3 8. laxa isolates, but in 2 weeks both 8. frtwticola 
isolates were far ahead of 8. laxa. At 28° C. differences in growth rates 
between isolates of the same species were greater than between certain iso¬ 
lates of different species. At 32° C, 8. fructicola grew more rapidly than 
S. laxa. No growth of either occurred at 37° C. 

Conidial size. Conidia of numerous isolates of Sclerotinia laxa and 8. 
fructicola had the same general characteristics when examined microscopi¬ 
cally. They formed in branched chains without true disjunctors, but, when 
mature, they broke apart easily at the middle of wedge-like thickenings 
between the spores. As the spores separated from each other, they became 
roughly lemon-shaped, although there was considerable variation in rela¬ 
tive dimensions, so that some were nearly spherical. 
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Measurements of conidia from various sources were made, and the aver- 
a^e dimensions are recorded in table 1. Sach solitary spore in fields clioseu 
at random was measured in order to obtain valid averajje dimensions. Fijt“ 
ures obtained compare favorably with those given by other workers (.7, 13, 
25, 27, 31, 34, 42). Considerable variation in spore size was apparent be¬ 
tween samples produced at different temperatxires or on different substrata. 
Spores produced on dead, overwintered plant parts were usually smaller 
than those formed on fresh fruit or on artificial media. Those formed at 
low temperatures tended to be smaller than those produced at 20" to 25° C. 
Similar phenomena have been noted by Hewitt and Leach (16), Killian 
(24), Ritzema Bos (34), and Wormald (42). Tt is apparent that conidial 

TABTiK 1. —MeasiiremcnU of conidia of Sclerotinia la!va and S. frwc.ticola 


Species, 

isolate, and .source 

Substratum 

Tempera¬ 

ture 

Average 

dimensions* 





Mi'xnns 

laxa 





2 Prunus cerasus twig, Wis. 

Steamed potato plug 

22 

13.9x18.5 

2 

Do 

Emperor grape 

22 

10.8x16.1 

21 

Do 

Potato-dextrose agar 

20 

10.9x14.8 

23 

Do 

Sour cherry blos.som 


12.8x17.5 

23 

Do 

Potato-dextrose agar 

20 

10.7x14.9 

2.3 

Do 

Do 

4 

9.3x12.0 

100 

Do 

Sour cherry twig 


9.1 X13.2 


101 Pryrnin ccrasns green fruit, 

Wis. 

87 Prunuff pcnnsylvanica twig, 
Wis. 

50 Prunus domestica miiramy, 
Ore. 

102 Do 
S. fruciicola 

4 Prunns domestica, Wis. 


Green sour cherry fruit 

Kmperor grape 

Potato-dextrose agar 
Italian prune mummy 

Potato-dextrose agar 


22 

22 


11.7x14.4 

9.3x13.7 

8.8x14.1 

7.3x10.6 

9.2 X 12.8 


a Figures based on measurements of 100 spores per .sample. See text. 

measiirciTiciits alone provide insufficient basis for differentiation between 
Sclerotinia laxa and S, frvcticola. 

Spore germination. Branched and crooked growth of the germ tubes of 
Sclerotinia laxa soon after conidial germination has been mentioned by 
Ezekiel (13), Roberts and Dunegan (35), and Wormald (44) as a character¬ 
istic of this species useful in distinguishing it from S. fructicola. Ezekiel 
germinated spores of each species in hanging drops of potato-dextrose decoc¬ 
tion at 25° C., and after 18 hours found the germ tubes of S. laxa to be 
branched and crooked, whereas those of S. frucHcola were typically un¬ 
branched and straight. 

Experiments made in this laboratory reveal that characteristic germ tube 
differences between the two species may not occur under certain conditions. 
Conidia of Sclerotinia laxa isolate 23 and S. fructicola isolate 12 were ger¬ 
minated over deep-well slides in hanging drops of distilled water and in 0.1 
and 0.01 per cent dextrose solutions. Very little branching occurred in any 
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drop, and the only difference noted was the slightly more tortuous nature 
of some 8. laxa germ tubes. Characteristic differences in branching were 
noted, however, when conidia of the two species were made into spore sus¬ 
pensions over grape cultures upon which they had been grown. When 
drops of these spore suspensions, which contained considerable nutrient 
material from the grapes, were incubated at various temperatures from 12° 
to 32° C., the 8. laxa conidia produced crooked, branched germ tubes 
quickly, while the germ tubes of 8. fructicola usually remained straight for 
24 hours or more. It is evident from these tests that growth-habit differ¬ 
ences between the germ tubes of the two species are readily apparent only 
under certain nutritional conditions favorable to their expression. 

Conidia of 8clerotinia fructicola germinated more quickly in distilled 
water or weak sugar solutions than conidia of 8. laxa, 8. laxa conidia, re¬ 
gardless of age, required at least 4 hours for germination in distilled water 
at 24° C., whereas conidia of 8. fructicola only 2 days old germinated under 
the same conditions in 75 minutes. The addition of 0.1 per cent dextrose 
to distilled water reduced the minimum time for conidial germination of 
8. laxa to about 2 hours at 24° C. 

The optimum temperature for 8clerotinia fructicola conidial germina¬ 
tion was 24°, but for 8 . laxa 20° C. appeared slightly more favorable. 
Spores of both species germinated readily from 16° to 32° C. Some ger¬ 
mination occurred at 4° and at 34° but not at 37° C. 

DISEASE DEVELOPMENT STUDIES 

Methods and materials. All blossom inoculations were made on trees 
2- to 4-years-old set in 8-inch pots at least 14 months before inoculation and 
forced into bloom in the greenhouse about February 1. Blossoms were in¬ 
oculated, except as otherwise stated, by means of a conidial suspension 
sprayed from an atomizer attached to a compressed-air line. All spore sus¬ 
pensions used in large-scale inoculations were mixed from 2 or 3 isolates. 
In the hope of obtaining an inoculum more representative of the species, 
mass-isolated rather than single-spore cultures were used for inoculation 
work. 

Immediately after inoculation, trees were placed in a saturated atmos¬ 
phere in large moist chambers. Two types of chamber were used. One 
type, which provided condensation water adequate for infection and disease 
development has been described by Keitt and Jones (20). The second type, 
of temporary construction, made use of mist to maintain high atmospheric 
moisture. A fine, relatively uniform mist was produced by means of ato¬ 
mizers connected to about 20 pounds air pressure and water reservoirs. To 
reduce temperature fluctuations, 1 or 2 thermostatically controlled, 250-watt, 
gooseneck heaters were installed in each mist-type moist chamber, except 
the one at 11° C. where no heater was necessary. Temperature variations 
were about plus or minus one degree centigrade except in the 11° house, 
which, though usually between 10° and 12°, occasionally reached 13° C. 
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Inoculated trees were kept in a moist chamber at least 3 days to permit 
the fungus to become well established in the blossoms. After this, in 1944, 
they were allowed to dry about 8 hours (4: 00 p.m. to midnight) each day. 
It was thought, however, that a proportionately greater amount of time in 
a wet environment might favor more severe attacks of brown rot. There¬ 
fore, in 1945 the spray was turned off only about 8 hours (9:00 a.m. to 
5: 00 p.m.) every second day, and once each week the dry period was length¬ 
ened to 24 hours to permit thorough drying of the trees and wilting of 
diseased branches. The same treatment was accorded chambers at all tem¬ 
peratures. 

TABLE 2.— Relation of temperature to infection of sour cherry blossoms by 
Sclerotinia laxa , 


Year and 
variety 

Incubation 

temperature 

Blossoms 

inoculated" 

Blossoms 

infected^ 

1944 

®C. 

Tnitialc 

Number 

Per cent 

Montmorency 

10 

272 

14 

20 

152 

72 


30 

Secondary^ 

218 

94 

Montmorency 

11 

126 

40 

16 

101 

44 


20 

163 

52 


24 

155 

68 


28 

Continuous^ 

97 

69 

1945 

11 

187 

81 

Montmorency 

16 

132 

92 

20 

142 

97 


24 

186 

98 

Early Richmond 

11 

52 

94 

16 

167 

96 


20 

219 

94 

• 

24 

128 

98 


a Includes all open blossoms, with or without petals. 

bData taken 5 days after inoculation in 1944, and at 5, 6, 7, and 13 days at 11®, 
16®, 20®, and 24® C., respectively, in 1945. 

c Temperature during first 48 hours after inoculation. 

d Temperature maintcained following initial 48-hour incubation (see text). 

e Temperature maintained from inoculation. 

Preliminary Experiment in 1943, In March, 1943, a preliminary green¬ 
house experiment demonstrated the pathogenicity of Wisconsin isolate 1 of 
Sclerotinia laxa on blossoms of Montmorency and Bing cherries and on blos¬ 
soms of Hale Haven peach. 

Experiments in 1944. The main experiment in 1944 was confined to 
Montmorency blossoms because no Early Richmond blossoms were available. 
Blossoms were inoculated with mixed conidial suspensions of 3 Sclerotinia 
laxa isolates known to be virulent and given a 48-hour incubation period in - 
a chamber which provided condensation water adequate for infection. In¬ 
cubation temperatures used during this period were 10®, 20®, and 30® C. 
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After 48 hours the trees were removed to the mist-type moist chambers. 
Blossoms from each of the 3 groups (10"^, 20°, 30° C.) were distributed as 
evenly as possible among the 5 chambers (at 11°, 16°, 20°, 24°, and 28° C.). 
Blossom infection data were taken 5 days after inoculation, but before the 
appearance of secondary infection. 

The results, which are shown in table 2, are compiled separately accord¬ 
ing to the initial temperature (in the inoculation chamber) and the second¬ 
ary or later incubation temperature. It is recognized, however, that in this 
experiment the effects of the initial and the later incubation temperatures 
cannot be sharply differentiated. 



Fig. 5. Results of inoculations of young sour cherry trees with Sclerotinia laxa 
oonidia, in the greenhouse, showing (a) percentages of primary blossom infection, (b) 
blossom clusters adherent to the twigs 6 weeks after inoculation, and (c) blossom clusters 
from which twigs became infected within 8 week's following inoculation. Data were taken 
in 1944 (left) from Montmorency only, and in 1945 (right) from Montmorency and 
Early Richmond varieties. 

Thirty degrees centigrade appeared to be the incubation temperature 
(first 48 hours) most favorable to blossom infection and 10° least favorable. 
Of the 5 temperatures used after the initial incubation period, 11° seemed 
to be least favorable and 24° and 28° C. most favorable. 

Because only a relatively small number of blossoms was moved from 
each of the 3 inoculation groups to each of the 5 temporary moist chambers, 
no detailed table of results from these 15 subdivisions is presented. How¬ 
ever, it was found that only 2 of 62 blossoms inoculated at 10° and kept at 
11° C. were diseased in 5 days, whereas 97 of 99 blossoms inoculated at 30° 
and removed after 48 hours to 24° or 28° C. were infected. 

It was observed that many infected blossom clusters were abscised prior 
to twig infection. Therefore, records were taken in all chambers to deter- 
mine (a) the number of blossom clusters adherent to the trees 6 weeks 
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after inoculation and (b) the number of clusters from which the fungus 
had entered the wood or bark of the supporting twig within 8 weeks after 
inoculation. The results of this study are shown graphically in figure 5. 

The critical period for blossom infection, on the basis of the studies in 
1944, begins with the opening of the blossoms and continues until the floral 
cups turn yellow and wither (Table 3). At ordinary temperatures blossoms 
remain susceptible 1 to 2 weeks. 

Although few yellowed blossoms were inoculated, and though such blooms 
were very susceptible to attack through withered and damaged stamens, it 
was observed that the infection spread so slowly in the floral cups and pedi¬ 
cels that it usually did not reach the base of the pedicels before the blos¬ 
soms dropped. 

Experiments in 1945. Both Early Richmond and Montmorency blos¬ 
soms were available for inoculation in 1945, and improved facilities per- 


TABLE 3.— Incidence of primary infection by Sclerotinia laxa of sour cherry blos¬ 
soms inoculated at different stages of development 


Year and 
variety 

Floral development® 

Blossoms 

inoculated 

Blossoms 

infected** 

1944 

Petals unopened 

Number 

243 

Per cent 

2 

Montmorency 

Petals opened 

389 

53 

Petals fallen 

253 

57 

1945 

Green-tipped bud 

119 

10 

Early Richmond 

White-tipped bud 

355 

30 

Petals opened 

994 

95 


Petals fallen 

283 

91 


a At hour of inoculation, 
b Data taken according to statement in text. 


mitted the distribution of trees of each variety among the various incuba¬ 
tion temperatures immediately after inoculation. The concentration of 
spores iri the inoculum was doubled over that used in 1944. Spore suspen¬ 
sions were prepared from conidia produced on grape cultures. 

Records were taken on each variety to determine (a) the number of 
blossoms showing primary infection at different temperatures, (b) the num¬ 
ber of buds or blossoms infected after inoculation at different stages of de¬ 
velopment, (c) the part or parts of blossoms where infection occurred, (d) 
the number of blossom clusters adherent after 6 weeks, and (e) the number 
of blossom clusters from which the fungus entered the wood within 8 weeks 
(Fig. 5). 

The numbers of blossoms infected af different temperatures are shown 
in table 2. In order to avoid ineluding secondary infections, the counts 
were made 5, 6, 7, and 13 days after inoculation at 24°, 20°, 16°, and 11° C., 
respectively. Except at 11° C., there was little apparent difference iri va¬ 
rietal susceptibility. High percentages of infection were obtained at all 
temperatures, particularly on Early Richmond, but with Montmorency 
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blossoms there appeared to be a slight trend to more infection at higher 
temperatures. The increase in amount of infection obtained in 1945, over 
that in 1944, is attributed chiefly to the increased spore load of the inoculum. 

The critical period for infection, as in the 1944 experiment, began with 
the opening of the blossoms. Although some buds inoculated while still 
in the green-tip stage were infected, it was observed that no infection oc¬ 
curred until after the petals were exposed. Infection of white-tipped buds 
usually followed the opening of the flowers, but sometimes took place 
earlier through the exposed outen surfaces of the petals. The data on in¬ 
fection are based on the stages of blossom development at inoculation rather 
than at infection. 

Results from both varieties have been combined in table 3. No impor¬ 
tant varietal differences were apparent in this experiment, although a 
slightly higher percentage of infection occurred with Early Rielimond than 
with Montmorency. The site of blossom infection was almost invariably 
on an anther, stigma, or petal. In this connection anthers and stigmas 
appeared to be of greater importance than petals, which though often in¬ 
fected, usually dropped before the pathogen entered the rim of the floral 
cup. Primary infection of other flower parts was rarely seen. The fre¬ 
quency of infection through anthers and stigmas of 813 perfect flowers' is 
shown in table 4. 

Microscopic examinations of infected anthers consistently revealed ger¬ 
minated pollen and fungus hyphae, and sometimes fungus hyphao passing 
from the anthers into the pointed tips of the filaments. Almost pure cul¬ 
tures of Sclerotinia laxa were isolated repeatedly from diseased anthers. 

A special experiment was conducted to. determine by direct inoculation 
of selected floral parts those through which the fungus is most likely to en¬ 
ter the flower. 

Inoculations were made by application either of dry conidia or droplets 
of conidial suspension to specific floral parts. Certain unwanted blossom 
structures were removed before inoculation. Stamens of blossoms receiv¬ 
ing style inoculations were cut off, and the number of stamens was reduced 
to five on blossoms receiving filament or anther inoculations. Anthers were 
removed from all inoculated filaments. In this experiment all trees were 
incubated at 20® to 24® C. in a moist chamber which provided sufficient 
condensation moisture for infection, but not enough to permit the formation 
of large drops which might have displaced the inoculum. 

Stigma inoculations gave the highest percentage of infections; anthers 
the next highest (Table 5). It was noted that unruptured anthers rarely 
were invaded, while uninjured petals were found to be somewhat suscepti¬ 
ble. Styles were rarely attacked directly, and no direct infection of fila¬ 
ments was observed. However, 24 styles, each inoculated about 3 milli¬ 
meters below the stigma, became infected later by way of the stigmas. Only 
1 sepal, which had been injured, was infected. 
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TABLE 4.— Incidence of primary infection through anthers and stigmas of Early 
Eichmond and Montmorency sour cherry blossoms sprayed with a conidial suspension of 
Sclerotinia laxa, 1945 



Blossoms 


Blossoms infecteda 


Variety 

inocu¬ 

lated 

Via anthers 
only 

Via stigma 
only 

Via anthers 
and stigma 

Total 


Number 

Per cent 

Per cent 

Per cent 

Per cent 

Early Richmond 

353 

34.6 

0.0 

57.5 

92.1 

Montmorency 

460 

41.3 

0.7 

48.9 

90.9 

Total 

813 

38.4 

0.4 

’ 52.6 

91.4 


a Data taken soon after appearance of primary lesions. 

Considerable leaf infection developed at 16°, 20°, and 24° C. The 
greatest amount occurred at 20°, but very little occurred at 11° C. It is 
possible that inoculum may have been driven into the leaf tissues by the 
force of the spray from the atomizer, for no leaf infeetion developed on 50 
sound leaves inoculated with drops of spore suspension carried on a wire 
loop. Most leaf infeetion seen on orchard trees followed direct contact of 
the leaf with an infected blossom or blossom part, but leaf lesions similar 
to those developed in the greenhouse (Fig. 2, D) have been described and 
illustrated by Maier and Mittman-Maier (26) on sweel cherry. 

The rate of disease development at 5°, 11°, 16°, 20°, 24°, and 28° C. was 
studied. These standard temperatures were maintained within 1° C., ex¬ 
cept in the 11° C. chamber where occasional variations of 2° C. occurred. 
The approximate incubation period required for the development of certain 
symptoms at each of the above temperatures was determined (Table 6). 
The disease progressed most rapidly in the blossoms at 24° and was but 
little slower at 20° C. At 5° C. no infection was visible for 6 days, and 9 
more days were required for production of lesions on the rim of the floral 
cup. There was practically no difference between Early Richmond and 
Montmorency varieties in the rate of disease development on the blossoms. 


TABLE 5.— Incidence of infection by Sclerotinia laxa of various specially inoculated 
parts of Early Eichmond and Montmorency sour cherry blossoms, 1945 


Floral part 
inoculated 

Inoculum 

Units 

inoculated 

Units 

infected* 



Number 

Per cent 

Stigma . 

Dry conidia 

13 

92 

Stigma . 

Conidial suspension 

6 

100 

Anther . 

Dry conidia . 

40 

35 

Style . 

Conidial suspension 

50 

10 

Filament . 

do 

78 

0 

Petal (outer surface) 

do 

15 

0 

Petal (inner surface) 

do 

15 

20 

Sepal .. 

do 

50 

2b 


• Final readings made 8 days after inoculation, 
b This sepal showed evidence of mechanical injury. 
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Sclerotinia laxa apparently required a considerably longer incubation than 
S, fructicola. Weaver (37) reported infection of peach blossoms by S. 
fructicola only 5 hours after inoculation at 24°, and 18 hours after inocula¬ 
tion at 10° C. 

CONTROL 

Preliminary experiment in 1942, A preliminary experiment on the con¬ 
trol of spur blight was made in an orchard which had been severely damaged 
by SclerotirUa laxa in 1941. Materials used were (a) Elgetol (sodium 
dinitro-ortho-cresolate), 0.5 per cent, (b) Fermate (ferric dimethyl dithio- 
carbamate), |-50, (c) copper-lime-monocalcium arsenite and cold-pressed 
menhaden fish oil, 3-2-2 (1^ pints fish oil) -50, and (d) Bordeaux mixture, 
3-4-50. The selection of the formula for the copper-lime-arsenite mixture 

TABLE 6.— Approximate minimum incubation periods for appearance at stated tem¬ 
peratures of certain symptoms on Early Richmond and Montmorency sour cherry blossoms 
inoculated with conidia of Sclerotinia laxa 


Minimum period for expression 
of stated symptoms 

Incubation---- 


Variety 

tempera¬ 

ture 

Tips »f 
styles or 
filaments 
browned 

Lesions 
on calyx 
tube 

Tip of 
pedicel 
browned 

Entire 

pedicel* 

browned 



Hours 

Hours 

Hours 

Hours 

Early Richmond .... 

5 

144 

360 

432 

504 

11 

48 

132 

152 

186 


16 

36 

62 

90 

160 


20 

15 

38 

58 

87 


24 

14 

•35 

52 

80 


28 

20 

' 44 

70 

108 

Montmorency . 

5 

144 

360 

432 

504 


11 

48 

132 

152 

186 


16 

36 

62 

90 

175 


20 

20 

42 

63 

100 


24 

16 

35 

52 

80 


28 

20 

44 

70 

108 


a Pedicel length approximately 25 mm. 

was based on results obtained by Keitt and Palmiter (22). Spraying was 
unavoidably delayed until May 16, just as the trees were breaking into 
bloom. 

The copper-lime-monocalcium arsenite mixture stopped sporulation al¬ 
most completely and gave visibly better results than Elgetol. Bordeaux 
mixture and Fermate appeared to reduce the number of blighted spurs, 
but neither halted the formation of sporodochia. 

The application of Elgetol or copper-lime-arsenite to the trees during 
bloom resulted, as expected, in considerable injury to the blossoms and young 
leaves, but the twigs were not severely damaged. The suppression of sporo- 
dochial production and the absence of serious injury to the trees by copper- 
lime-monocalcium arsenite indicated its probable value as an eradicant dor¬ 
mant spray for the control of Sclerotinia laxa. 
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Experiments in 1943. Control work was continued in 1943 on Early 
Richmond trees about 15 years old in an experimental area containinjjj 5 
blocks of 24 trees each and one of 6 trees. Tests were confined to 2 eradi- 
cant materials, applied just before budbreak, and Bordeaux mixture, 3^4-50, 
applied early in bloom. 

An eradicant spray of copper-lime-monocalcium arsenite and fish oil, 
3-2-2 (li pints fish oil) -50 was applied to blocks II and III. In the prep¬ 
aration of this material the copper sulphate and then the lime were put 
in the tank to form Bordeaux mixture. Next the monocalcium arseiiite 
and finally the fish oil were added. The 6 trees in block I received mono¬ 
calcium arsenite, 2-50, without Bordeaux mixture or fish oil. Blocks IV 
and V received no dormant spray. The eradicant dormant sprays were 
applied May 6, when a few buds were be^innin^ to swell. Thorough appli¬ 
cations, with considerable run-off, were made in an effort to bring the spray 
materials into direct contact with all diseased parts. 

A protectant spray of Bordeaux mixture, 3-4-50, was applied June 1 
to blocks III and IV, when about three-fourths of the blossoms were open. 
All experimental si)raying was done from the ground. Block V was used 
as an unsprayed check. 

Data were taken on sporodochial suppression and on incidence of spur 
blight from 6 representative trees in each of the 5 blocks. On June 8, at 
the end of the critical period for infection, 10 overwintered, diseased spurs 
were collected at random from each of these trees. Subsequently, counts 
of sporodochia were made on 30 spurs taken at random from each sample. 
These counts included sporodochia on or within adherent flowers, fruits, 
leaves, bracts, and bud scales. 

The blossom spray alone had little or no effect on the suppression of 
sporodochia, but the eradicant dormant sprays proved very effective. Mono¬ 
calcium arsenite, 2-50, on the basis of these counts, reduced the pro<luction 
of sporodochia 83 per cent; but the copper-lime-monocalcium arsenite and 
fish-oil mixture was significantly more effective, with 94 per cent sporo¬ 
dochial suppression (Table 7). 

Counts of blighted spurs were obtained July 2 by examination of a 
total of 300 spurs, not over 3 inches in length, on each of 6 trees per block 
(Table 8). Spurs counted were on branches taken at random around the 
perimeter of each tree. 

The incidence of spur blight was greatly reduced in all sprayed blocks. 
The use of copper-lime-monocalcium arsenite and fish-oil preparation fol¬ 
lowed by the bloom spray (block III) gave the most striking results, 99 
per cent reduction in incidence of spur blight. However, an analysis of 
variance of figures for spurs blighted in blocks II to V, inclusive, showed 
no significant differences between results for blocks II and HI. Control 
either in block II or block III was significantly better than in block IV at 
odds of 19 to 1. Block I was not comparable, so could not be included 
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TABLE 7 .—Effectiveness of eradicani dormant sprays in limiting the sporodochial 
production of Sclerotinia laxa on overwintered dead spurs of Early Richmond sour cherry 
trees, 194S and 1944 


Block and treatment® 


Spurs 

examined*^ 


Average 
sporodochia 
per spur 


Indicated 
reduction in 
sporodochia 
by spray 




1943 

1944 

1943c 

1944<i 

19430 

1944d 

I 

Monocalcium arsenite .. 

Number Number 

30 

Number 

7.5 

Number 

Per cent Per cent 
83 

II 

Copper-limc-monocalcium 
arsenite + fish oil 

30 

60 

2.8 

4.1 

94 

85 

VI 

V 

Copper-lime-monocalcium 
arsenite + dormant 
spray oil 

None . 

30 

60 

60 

43^1 

0.7 

26.2 


97 


“Dates of application: May 6, 1943; April 30, 1944. See text for dosages, 
bDates of spur collection: June 8, 1943; June 22, 1944. • 

cData based on counts of total sporodochia on 30 spurs from each treatment. See 

text. 

dData based on counts of total sporodochia on 60 spurs (10 from each of 6 trees) 
per treatment. 


in the analysis of variance. Counts on 2 trees in block I showed approxi¬ 
mately 7 per cent of the spurs blighted. 

Slight injury developed on some trees receiving the dormant spray alone. 
Twig and branch injury was confined to weak or woundbd trees. 

Experiments in 1944, These experiments were made on Early Rich¬ 
mond trees about 15 years old in an orchard approximately i mile from the 
1943 plots. The experimental area was divided into 5 blocks of 2Q trees 
each, plus a sixth block containing only 12 trees. 

Two eradicant spray preparations were tested in 1944. Copper-lime- 
monocalcium arsenite and fish oil 3-2-2 (1^ pint fish oil) -50, was applied 
to all trees in blocks II and III. Copper-lime-monocalcium arsenite and 
Stanolind dormant spray oil, 3-2-2 (l-J pints fish oil) -50, was used on the 12 
trees in block VI. This mixture was included in the experiment in the hope 


TABLE 8 .—Effectiveness of early sprays in the control of hrown-rot spur blight on 
Early Richmond sour cherry trees, 194S 


Block and treatment* 

Spurs 

examinedb 

Spurs 

blighted 

Indicated 
reduction 
by spray 


Number 

Number 

Per cent Per cent 

II Dormant, copper-lime-monocalcium 





arsenite + fish oil . 

1800 

23 

1.3 

97.5 

Ill Dormant, copper-lime-monocalcium 





arsenite + fish oil; Bloom, Bordeaux 





mixture . 

1800 

9 

0.5 

99.1 

IV Bloom, Bordeaux mixture . 

1800 

170 

9.4 

82.1 

V None . 

1800 

948 

62.7 



“'Dates of application: Dormant, May 6; Bloom, June 1. See text for dosages, 
b Data taken on 300 spurs per tree. See text. 
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of finding a suitable oil to replace the fish oil component in the dormant 
spray. Monocalciiim arsenite, 2-50 (block I), because of its inferior record 
of sporodochial suppression in 1943 was not included in the 1944 program. 
The dor^iant sprays were applied April 30 when the buds were just begin¬ 
ning to swell. 

Bordeaux mixture, 3-4-50, was the only protectant bloom spray used. 
It was applied to the trees in blocks III and IV on May 28, when only about 
one-fourth of the blossoms were open, and was used as a late-bloom spray 
in block VII on June 2, after about two-thirds of the petals had fallen. 

Data were taken on sporodochial suppression, incidence of blossom 
blight, and incidence of spur blight. Counts of sporodochia were made 
only in blocks II, V, and VI. Ten overwintered, blighted spurs were col- 

TABTjE 9 .—Effectiveness of early sprays in the control of hrown-rot blossom blight 
on Ehrly Richmond sour cherry trees, 1944 


Block and treatmenta 

Blossoms 

examined'* 

Blossoms 

infected 


IT Dormant, coppcr-lime-monocalcium 

Number 

Number^ 

Per cent 

arsenite + fish oil. 

VI Dormant, copper-lime-monocalcium 

. 1800 

17 


0.9 

arsenite + dormant spray oil. 

Ill Dormant, copper-lime-monocalcium 

arsenite + fish oil; Early bloom, 

. 1800 

Bor- 

8 


0.4 

deabx mixture . 

. 1800 

20 


1.1 

IV Early bloom, Bordeaux mixture 

.. .. 1800 

27 


1.5 

VII Late bloom, Bordeaux mixture . 

. 1800 

83 


4.6 

V None . 

1800 

79 


4.4 


« Dates of applications; Dormant,. April 30; Early bloom, May 28; Late bloom, June 
2. See text for dosages. 

An equal number of blossoms was examined from 6 trees per block, 
c Minimum significant difference at odds of 19 to 1 = 28.7. 

leeted at random from each of 6 trees per block and examined to determine 
the numbers of sporodochia present (Table 7). 

Either dormant spray preparation provided good suppression of sporo¬ 
dochia, although a few sporodochia were present on some spurs when the 
sprays were applied; but the mixture containing dormant spray oil was 
significantly more effective at odds of 19 to 1 than that made with fish oil. 
Very little injury was apparent from either treatment. 

Blossom blight data were taken in every block. On June 4, four days 
after the beginning of the first infection period, 300 blossoms from clusters 
selected at random were examined on each of 6 trees per block. Despite 
the brief infection period substantially fewer blighted blossoms were found 
in all sprayed blocks, except block VII, which was sprayed after the infec- 
tiofi period, than in unsprayed block V (Table 9). Differences among 
blocks II, III, IV, and VI were slight, as might be expected in mild attacks. 

There was little blossom blight or spur blight in 1944 because dry weather 
prevailed during the critical period. Only 2.8 per cent blighted spurs were 
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found in the unsprayed block, and the most severely diseased unsprayed 
tree had only 9 per cent blif?hted blossoms. In order to obtain any indica¬ 
tion of the measure of control by different treatments, it was necessary to 
determine the total number of blighted twigs (spurs and terminals) on each 
of the trees selected from each block. On the basis of these figures the dor¬ 
mant spray with a supplementary bloom spray, as in 1943, gave the best 
control (92 per cent). Bordeaux mixture during early bloom apparently 
reduced spur blight about 60 per cent, whereas the dormant spray alone 
reduced it only 50 per cent. No spur blight was found in block VI where 
the copper-lime-monocalcium arsenite plus dormant spray oil was used. 
The late bloom spray in block VTI gave no reduction of blossom or spur 
blight. 

DISCUSSION 

The existence of biotypes intermediate between typical isolates of Sclero- 
tinia laxa and S. fructicola is apparent (Fig. 4). Ezdciel (13) illustrates 
several cultural types of each species. Hewitt and Leach (16) show a cul¬ 
ture of S, fructicola which, though it has the usual concentric rings and 
considerable sporulation, has also an irregular, somewhat lobed margin 
like 8. laxa. On the other hand, many lines of 8, laxa isolated by us from 
specimens obtained from California and Oregon formed many aerial hyphae 
but sporulated less readily than 8, fructicola. 

Wisconsin isolate 4 obtained from a plum mummy near Madison, where 
no 8clerotinia laxa has been found, appeared in culture as a typical colony 
of 8. fructicola at 12° to 32°, but at 4° and 8° C. it formed lobes and zones 
closely resembling 8. laxa (Pig. 3). However, isolates from the margins 
of such lobes reverted to the typical 8. fructicola growth habit when incu¬ 
bated at higher temperatures. Thus, at least with this isolate, the growth 
habit of 8. fructicola appeared almost identical with that of 8. laxa at 4° or 
8° C. No instance of a similar change of growth habit was observed in 
8. laxa. 

The stability in culture of various isolates of 8clerotinia laxa and 8. 
fructicola suggests the possible genetic nature of certain variants. Anasto¬ 
moses between different lines may possibly result in new and intermediate 
types. Intraspeeific anastomoses are common, and Ezekiel (13) observed 
an interspecific anastomosis between 8. laxa and 8. fructicola. Moreover, 
natural mating of 8. laxa and 8. fructicola in areas where both species occur 
is a possibility not seriously discounted by the fact that no apothecia of 
8. laxa have been reported in North America. Experimental interspecific 
and intraspecific matings of these fungi may eventually do much to clarify 
this matter. 

The results of the present work indicate that moderate to high tempera¬ 
tures (16° to 30°) are more favorable to blossom blight than temperatures 
of 11° C. or lower, and that infection and disease development on blossoms 
are most rapid at about 24° C. However, it should be noted, that although 
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the progress of the disease was retarded by low temperatures, it was possible 
to obtain a high percentage of infected blossoms at 11° C., particularly 
with a concentrated spore suspension such as that used in 1945. 

Temperatures while the fungus is invading the blossoms probably are 
no more important than those prevailing during subsequent dry periods. 
The occurrence of warm weather after the blossoms have been destroyed 
but before the fungus has entered the wood of the supporting twigs favors 
rapid drying of the diseased parts and the maturation of abscission layers at 
the bases of the pedicels and, thereby, the dropping of the diseased flowers. 
Even when the environment is almost continuously moist and the tempera¬ 
ture relatively constant, as in the incubation chambers, the results indicate 
that blossom clusters are, eventually, more subject to abscission at high or 
moderate than at low temperatures (Fig. 5). 

The effect of different temperatures on the spur-blight phase of brown 
rot, because of the small number of spurs blighted in the greenhouse, was 
less striking than for blossom blight. However, at 11° C. there was less 
abscission of diseased blossoms and, consequently, more spur blight than 
at higher temperatures. 

A preliminary experiment with Sclerotinia laxa blossom blight under 
conditions of controlled humidity gave results agreeing closely with those 
obtained by Weaver (37) for 8. frticticola blossom blight on peach and 
cherry. Weaver found that at relative humidities above 90 per cent the 
diseased areas remained fairly moist, whereas at 80 per cent the lesions 
dried out and were delimited. It is apparent that while the blossom- 
blight phase is greatly favored by constant conditions of abundant mois¬ 
ture and moderate temperature, the spur-blight phase of European brown 
rot probably develops more readily under a complex of fluctuating mois¬ 
ture and temperature conditions. 

The respective lengths of moist and dry periods necessary for exten¬ 
sive development of spur blight were not investigated, but it was observed 
that under conditions prevailing in the incubation chambers the fungus 
usually grew no farther than the short axis within the bud scales. It 
was observed that very little additional moist weather was necessary for 
the development of spur blight after the fungus had rotted the pedicels. 

Many statements concerning the court of blossom infection for Euro¬ 
pean brown rot of stone fruits are found in the literature. Woronin (45) 
considered the stigma to be the only normal infection court. This opinion 
was accepted by most pathologists until Wormald (39) in 1919 obtained 
infection of plum flowers by placing spores at the bottom of the floral cups, 
on the “ discs and on the stigmas. Chabrolin (10) in 1924 reported that 
under natural conditions infection of apricot blossoms arises through the 
calyx, particularly through the tube, and through the filaments of the 
stamens as well as through the stigma. He believed that, because of their 
much smaller area, the stigmas were less frequently infected than the 
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floral envelope, but he lacked sufficient evidence to prove it. He found 
hyphae present in the anthers between the pollen grains, but apparently 
he did not consider the anthers to be infection courts. Maier (25) in 
1942 recognized that infection may occur through either the stigma or the 
receptacle. Weaver (37) found that Sclerotinia fructicola was capable 
of infecting all floral organs of peaches; but no reference to anthers as 
important infection courts for 8. Idxa has been found. However, accord¬ 
ing to the experiments reported herein, blossom infection originates in 
anthers more often than in any other floral part; but the progress of the 
fungus as it travels downward through one or several filaments, usually 
somewhat obscured by about 30 other stamens, is not easily observed. 
The true nature of most ‘‘floral-cup’’ or “receptacle” infections was re¬ 
vealed only by a series of careful observations beginning not more than 
14 hours after inoculation. Under close scrutiny nearly all such infec¬ 
tions have been found to originate in the anthers. Although experiments 
indicated that a lower percentage of inoculated anthers than stigmas was 
attacked (Table 5), the greater number of anthers (25 to 35) per flower 
rendered blossom infection through one or more anthers more probable 
than stigma infection. Even though 10 per cent of 50 styles experi¬ 
mentally inoculated became infected, these infections were slow in ap¬ 
pearing, and had the anthers or stigmas of these flowers been inoculated 
at the same time as the styles, the styles would have rotted from above or 
below before infection occurred through their own surfaces. Most blossom 
infections, by natural or by artificial inoculations, originated in an anther 
or a stigma, whore the host tissues were not resistant to attack and a 
plentiful food supply was available to the developing hyphae. 

Early Richmond trees were used in the spraying experiments because 
they had been observed in Wisconsin, and reported by Huber and Baur 
(19) in Washington, to be much more severely attacked than Montmorency 
by Sclerotinia laxa. Treatments were applied to blocks of trees rather 
than to single-tree plots to reduce the influence of air-borne conidia from 
near-by trees receiving different treatments. 

The selection of spray materials and schedules tested in 1943 was based 
upon a study of the usual control practices for Sclerotinia laxa in Europe 
and North America and upon consideration of the promising results of ex¬ 
periments with eradicant fungicides in Wisconsin (22) and California 
(38). Recommended control measures for S. laxa in England (11, 29) in¬ 
clude (a) the destruction of the diseased plant parts, (b) a dormant spray 
of 10 per cent tar oil before the buds begin to swell, and (c) a spray of 
Bordeaux mixture (about 3--4i-50) just before the blossoms open. Anres 
and Joessel (2) advised sprays of Bordeaux mixture, 2 per cent, on apri¬ 
cots in France when the buds are opening and at the beginning of blos¬ 
soming. In Germany, Bucksteeg (8) suggested 4 sprays 
materials to be applied (a) when the buds be^in to . 
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the blossoms open, (c) just after petal fall, and (d) 2 or 3 weeks after 
petal fall. Rudolph (36) in 1925 reported that in California insecticide 
oil sprays applied to apricots during the winter frequently showed fungi¬ 
cidal properties. For blossom blight control he advised a dormant spray 
of crude-oil emulsion, 30-200, a dormant spray of Bordeaux mixture, 
8-8-50, and 1 or 2 applications of Bordeaux mixture of various strengths 
during bloom. 

Keitt and Palmiter (22) in 1937 Teported the results of tests made 
over a 13-year period with various eradicant fungicides. They found that 
suitable copper-lime-arsenite mixtures were highly effective against fungal 
fruiting structures at the surface or near a permeable surface. Wilson 
(38) reported in 1942 the results of experiments with arsenite sprays to 
control Sclerotinia Icm on almonds, apricots, plums, and prunes in Cali¬ 
fornia. He found monocalcium arsenite, 2 or 4 pounds per 100 gallons, to 
be an effective eradicant spray. 

Less emphasis is placed on the results of the control experiments in 
1944 than in 1943 because of the sparse development of lesions in 1944. 
In 1943 there was an almost continuous 5-day infection period early in 
bloom, with considerable wind and rain. Following this the weather was 
almost ideal for spur blight development. In 1944, however, although 
abundant inoculum was present because early rains had favored sporula- 
tion, the blossom period was so dry that little infection occurred. There 
was only one light shower (about 0.2 inch) during bloom. 

The proper time for application of the dormant spray in Door County 
is usually limited by weather and orchard conditions to a period of 1 to 2 
weeks before budbreak. Moreover, the growth cycle of the fungus in 
that area is almost perfectly adapted to the use of an eradicant spray 
during that period. Sporodochia of Sclerotinia laxa apparently are formed 
in Door County only in the spring. In California and Oregon they may 
be formed soon after the fall rains begin, but this phenomenon has not been 
observed in Wisconsin, where sporodochial formation begins after the 
spring rains start (in 1942-1944 about 7 to 10 days before the buds began 
to swell) and continues for a month or more. 

The advisability of using two special sprays, rather than one, for the 
control of Sclerotinia laxa is indicated by the data from the 1943 and 1944 
experiments. The chief object of the dormant eradicant spray under Wis¬ 
consin conditions is the suppression of the fungal sporodochia, though it 
doubtless retains some protectant fungicidal value at blossom time. The 
bloom spray is chiefly protectant in nature, but it has the further purpose 
of lessening the danger of spray injury from the dormant application. 
The possibility of using the bloom spray alone has been considered. This 
practice has befen followed for many years, often with good results, in 
westez^ North America. Unfortunately, however, undent Wis- 
a i^higle spray application during bloom does not^ Ihsure 
liztol of S. laxa in epidemic seasons. 
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Suggested measures for the control of Sclerotinm laxa on sour cherry 
under conditions such as we have encountered are: (a) Apply a dormant 
tree spray of copper-lime-monocalcium arseiiite plus fish oil, 3-2-2 (1^ 
pints fish oil)-50, shortly before budbreak, and (b) apply a spray of 
Bordeaux mixture, 3-4-50, soon after the blossoms have started to open. 

SUMMARY 

Many isolates of Sclerotinia laxa from sour cherry in Door County, 
Wisconsin, were grown in culture and compared with isolates obtained 
from various hosts from the Pacific Coast States. General colony charac¬ 
ters were lobing, zonation, and scant conidial production. 

Conidia formed in most isolates on Emperor grapes within 3 days at 
16° to 24° C., or on potato-dextrose agar within 2 months at 4° to 8° C. 
Conidia germinated readily at 16° to 32° C. Germination occurred at 4° 
and 34.5°, but not at 37° C. The minimum time for germination was 2 
hours. When sufficient nutrients were present, the germ tubes were 
crooked and branched. 

The optimum temperature for radial growth on potato-dextrose agar 
was about 28° C. Some growth occurred at 4° and 32°, but none at 37° C. 

The relationship of temperature to infection and disease development 
on small, potted, sour cherry trees was studied under controlled condi¬ 
tions in the greenhouse. Infection and blighting of inoculated blossoms 
were most rapid at 24° C., but occurred at 5° and 30° C. Eleven degrees 
centigrade was more favorable for spur blight development than 16° C. 
or higher. 

Most blossom infections originated either through the anthers or the 
stigmas, although occasionally other blossom parts, especially petals, were 
attacked. Filaments and sepals were infected only through wounds or 
after contact with rotted tissue. 

Blossom time was established as the critical period for infection, though 
under experimental conditions unopened, white-tipped buds were fre¬ 
quently infected. Infection of green fruits and leaves sometimes occurred 
under especially favorable conditions in the greenhouse and in the orchard. 

No important difference in susceptibility between Early Richmond and 
Montmorency sour cherries was apparent in the greenhouse, although spur 
blight had been observed to be much more severe on Early Richmond in 
the orchard. 

Experimental sprays for the‘control of Sclerotinia laxa were applied 
over a period of 3 years, and excellent control was obtained from certain 
programs. In the epidemic season of 1943 the eradicant spray of copper- 
lime-monocalcium arsenite plus cold-pressed menhaden fish oil, 3-2-2 (1^ 
pints fish oil) -50, applied just before budbreak, gave satisfactory suppres¬ 
sion of sporodochia and 97 per cent reduction in incidence of spur blight. 
Ninety-nine per cent reduction of spur blight was obtained when this 
eradicant spray was followed early in bloom by a protectant spray of 
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Bordeaux mixture, 3-4-50. The bloom spray alone did not affect the pro¬ 
duction of sporodochia, but it reduced the incidence of spur blight 82 
per cent. 

In Wisconsin thorough applications of a dormant and a bloom spray are 
suggested for effective control of Sclerotinia laxa on sour cherry. 

Department of Plant Pathology, 

University of Wisconsin, 

Madison, Wisconsin. 
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A STUDY OF THE SUGAR BEET StlEDLING DISEASE IN OHIO 


John U. Warreni 
(Accepted for publication May 17, 194S) 

INTRODUCTION 

The black root disease of sugar beet seedlings is one of the most 'wide¬ 
spread and economically significant diseases of plants. It occurs wherever 
beets are produced on a commercial scale. Coons and Stewart (6), who have 
investigated the majority of the beet-producing regions of the United States, 
report yearly, national losses due to this disease ranging from a trace to 
25 per cent of the planted acres. Buchholtz (2) writes that the disease con¬ 
stitutes the chief limiting factor in obtaining maximum stands and yields. 
Campbell (3) in 1940 reported the disease present in all fields he had ex¬ 
amined in Washington, infection ranging from a trace to 95 per cent of the 
stand. He considers this disease to be one of the most important factors in 
sugar beet production. 

In Ohio, black root of sugar beet seedlings is the major factor in deter¬ 
mining the number of acres planted and harvested. The losses in this State 
closely approximate those reported by Coons and Stewart for the total 
sugar beet area. 

Although the average annual loss to the state and national economy is 
great, the actual importance of this disease to the industry is best appreci¬ 
ated when it is realized that individual fields may have a 100 per cent loss 
in seedling stand with a consequent depressing effect on future acres planted. 
Despite the high cash value of the beet crop, the farmer is reluctant to 
plant his fields to beets when faced with the possibility of a complete loss 
of the crop. Labor is still another problem. Until black root can be con¬ 
trolled, hand labor will be required for the blocking and thinning operations 
since the machines used for these operations depend upon an almost perfect 
seedling stand. 

In any root rotting disease, four possible means of control are available. 
First, the agents responsible for the disease may be eliminated from the 
soil in the immediate vicinity of the plant by the use of seed-borne fungi¬ 
cides or the soil may be treated directly with fungicidal or fungistatic 
agents. Second, soil amendments may be utilized to change the physico¬ 
chemical nature of the soil, which may in turn affect the development of the 
disease. Third, varieties of the host plant may be developed which are 
resistant to infection. The fourth possibility, which may be related to the 
use of soil amendments, involves a change in the soil microflora with a re¬ 
sultant biologic antagonism between non-pathogenic soil organisms and 
those responsible for the disease. 

1 Formerly Assistant Plant Pathologist, The Ohio Agricultural Experiment Station, 
Wooster, Ohio. Now in Department of Botany, Duke University. 
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If any of these control measures is to be successfully developed it is first 
necessary to definitely establish the identity of the organisms causing the 
disease. Then investigations can be made of the physiology, morphology, 
and life cycle of the pathogen together with its nelationship to the host 
plant and to other organisms of the soil. 

Thus, this study was undertaken to determine the identity of the or¬ 
ganisms responsible for the disease and the relative frequencies of their 
occurrence in diseased seedlings in Ohio. 

A second objective of the work was to determine what effect, if any, 
applications of high phosphate content fertilizers had on the incidence of 
disease. Observations of commercial beet fields had indicated that in some 
instances the root rot disease was less severe in fields that had received high 
phosphate applications. ^ 

PERTINENT LITERATURE 

The parasitic nature of this sugar beet seedling disease was first implied 
in 1890 when IJellriegel (15) found that by soaking the sugar beet seed 
ball in a one per cent solution of carbolic acid the amount of black root was 
significantly lessened. The knowledge regarding the organisms causing this 
disease was increased by Frank (12) and Kruger (17) who demonstrated 
that Phoma hetae (Oud.) Fr. could cause a sugar beet seedling root rot. In 
1901 Duggar and Stewart (8) isolated strains of Rhizoctonia solani Kiihn 
from diseased sugar beet seedlings. In inoculation experiments with this 
organism the disease was reproduced in seedling beets. In 1906 Peters (33) 
described a seedling root rot caused by Pythium debaryanum Hesse and 
differentiated between the symptoms brought about by this organism and 
those due to infection by Phoma hetae. Another of the agents of the disease 
was described in 1915 by Edson (9) when he isolated a previously unde¬ 
scribed fungus which he named Rheosporangium aphanidermatus (Edson) 
Fitz. and which was subsequently assigned to the genus Pythium and is now 
known as Aphanomyces cochlioides Drech. 

The importance ascribed to these organisms as causal agents of the dis¬ 
ease and to other fungi which have been considered responsible for black 
root is indicated by the following: Edgerton and Tims (10) have reported 
that Rhizoctonia solani infection caused losses up to 50 per cent of the crop 
and that Phoma hetae was of minor importance in Louisiana. Campbell 
and others (4) isolated numerous fungi from beet seedliiigs in Washington 
but only Phoma hetae isolates were pathogenic. Maxson (19) in isolations 
from 268 diseased seedlings found that Fusarium spp. constituted 53.36 per 
cent, Phoma hetae 38.05 per cent, Pythium spp. 5.6 per cent, and Bhizocto- 
nia solani 2.98 per cent of the isolations. In another series of observations 
he examined 970 diseased plants and found 70.93 per cent were infected 
with Rhizoctonia solani. 

Reddy (21) has indicated that Pythium debaryanum was the principal 
cause of the disease while Phoma hetae of little importance. Buchholtz 
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(2) has reported that Pythium deharyanum caused at least 95 per cent of 
sugar beet seedling root rot damage. Coons, Kotila, and Bockstahler (5) 
have regarded Aphanomyces spp., common in all agricultural soils, as im¬ 
portant causal agents of the disease. Mdlhus et al (20) found Aphanomyces 
cochlioides in only three of the fields examined by them. Hodges (16) 
isolated two species of Fusariuni which he reported causing 50 to 75 per 
cent of all sugar beet seedling infections. Prom Europe, Esmarch (11) has 
reported Phoma heiae as the prifnary cause of the disease with Pythium 
deharyanum ranking second and Aphanomyces levis DeBary third, the 
ratio of their occurrence being roughly 7-A-2. He also reported Alternaria 
tenuis Nees., and Macrosporium cladosporioides Desm. causing a seedling 
root rot. Greis (13, 14) has written that Alternaria tenuis spreads through 
the seed and attacks it saprophytieally, later developing as a facultative 
parasite on the seedling. Marchal (18) has reported that the disease, in 
Belgium, is caused by Bacillus mycoides as well as by Phoma hetae, Pythium 
deharyanum, and lihizoctonia solani. 

These various and, in some instances, contradictory reports concerning 
the fungi responsible for the disease and the relative importance of each of 
them as causative agents seemed to need clarification before an adequate 
control program could be developed for Ohio. 

SYMPTOMS OF THE DISEASE 

The black root disease of sugar beet seedlings has been divided into 
three distinct types. First, a preemergent type which, as the name implies, 
results in the death of the plants immediately after seed germination and 
prior to the emergence of the seedling from the soil. Second, a damping-off 
form of the disease which is apparent from the time of emergence of the 
seedling to the time when the first true leaves develop. In this type of the 
disease, the plants are attacked when the tissues are still rather tender and 
succulent. Infection of the beet seedling at this stage results in the complete 
wilting and immediate death of the plant. In many instances the disease 
develops so rapidly that the plant collapses at the base of the hypocotyl 
and falls over before the cotyledons wilt. A water-soaked, brown, discolored 
area extends up and down the hypocotyl or the upper portion of the young 
taproot from the point of entry of the pathogenic organism. In later stages 
this discoloration extends well up into the petioles of the cotyledons. The 
collapse of the hypocotyl of the seedling is followed within a very short 
time by the desiccation of the seedling. The hypocotyl of the seedling 
shrinks to an inconspicuous, dark, slender thread. The rapidity with which 
these events occur may be an explanation for the failure on the part of com¬ 
mercial growers in particular to recognize the large toll taken by this 
disease. 

The third type of the disease is by far the most conspicuous of the 
three. The affected seedlings are not immediately killed and usuallj* con¬ 
tinue to live for several days after the initial symptoms appear. Pre- 
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quently such diseased plants I’ecover and persist through the growing season. 
In these cases the tap root is replaced by numerous lateral roots. This 
lowers the quantity as well as the quality of the crop, because, although 
these lateral roots become fleshy, their total weight rarely equals that of a 
single normal beet root. The beets with numerous fleshy lateral roots have 
a lower sugar content and higher impurity content than do the larger 
single roots. The relatively high impurity content makes refining more dif¬ 
ficult and the low sugar content naturally decreases the amount of recover¬ 
able sugar per ton of beets. This type of black root appears after the beets 
have developed beyond the early seedling stage. The beets that are infected 
after the first pair of true leaves are well developed frequently do not die. 
By this time secondary tissues have developed and prevent the complete 
destruction of the seedling. The hypocotyl or developing crown of the beet 
is composed essentially of intricately anastomosing vascular bundles con¬ 
taining lignified cells and is nearly free of parenchymatous cells (1). The 
name black root is particularly applicable to this type of the disease because 
of the general blackening of the hypocotyl which begins slightly below the 
ground and extends up into the cotyledons. The leaves of a plant so af¬ 
fected may develop an abnormal downward curvature but remain green 
and turgid. 

METHODS AND MATEKIALS 

A majority of the diseased seedlings from which isolations were made 
were obtained from commercial fields although some were made from sugar 
beet seedlings growing in the greenhouse. Greenhouse seedlings were used 
for isolation work before field-planted beets were available and at various 
times during the summer when soil was removed from fields in which root 
rot was severe. The soil used in these studies was obtained from the beet- 
producing areas of the State. 

The commercial fields from which specimens were collected were planted 
at irregular intervals from May 25 to July 1. Collections were made at 
weekly intervals beginning when only a few seedlings had emerged from the 
soil and continuing until the plants were well beyond the seedling stage. 

The study of any plant disease is facilitated if the pathogens responsible 
for the disease can be isolated from the affected plant tissue by direct 
plating on a solid medium. For this to be successful it is either necessary 
to sterilize the surface of the diseased tissue without causing the death of 
any organisms within the tissue or to use a selective medium that will 
prevent or retard the growth of contaminating organisms. The environ¬ 
mental association of ^gar beet roots with the fungi and bacteria of the 
soil make this goal difficult to attain. Many types and combinations of 
sterilizing agents were tested at varying concentrations and used in con¬ 
junction with various media. After numerous trials it was found that the 
sterilizing agents either killed all organisms present or failed to kill the non- 
pathogenic or saprophytic organisms a^ociated with the beet root surfaces. 
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An additional difficulty was recognized when it became apparent that 
several organisms were involved, differing widely in characteristics and in 
susceptibility to sterilizing agents. Attempts to find a differential medium 
were equally unsatisfactory. 

In order to obtain the cultures for this study a method described by 
Drechsler (7) was modified and used, with few exceptions, throughout the 
period during which diseased beets were collected. 

Depending on the size of the seedling, the seedling without the leaves, 
the roots alone, or the hypocotyl, was washed thoroughly in tap water. The 
part used was then rinsed twice in sterile water and placed in approximately 
20 cc. sterile tap water contained in a cotton-plugged tube. These were 
incubated for 24 to 48 hr. at room temperature then examined for the pr(‘s- 
ence of mycelial growth surrounding the section of diseased seedling. All 
those on which such growth was not present were discarded. The sections 
surrounded by mycelial growth were removed from the tubes and blotted 
between folded pieces of sterile paper toweling. This removed the excess 
water and with it a large percentage of the bacterial contaminants. After 
blotting, the beet fragments were placed on corn meal agar medium in Petri 
dishes. After another incubation period of 24 to 48 hr. a section of agar 
was cut from the periphery of the developing colony. When this was 
transferred to potato-dextrose agar slants pure cultures would usually 
result. 

Despite the superiority of this method of obtaining pure cultures it was 
considered possible that the actual relative numerical frequencies of the oc¬ 
currence of the pathogens was not being shown by the isolation technique 
used. For this reason the following procedure was devised. 

Collections of seedlings were made in the field by taking up the plants 
with the surrounding soil. A trowel was used to make a circular cut 6 to 
8 inches into the soil at a distance of 2 to 3 inches from the beet. The plants 
were then lifted, an effort being made to keep the roots as nearly intact as 
possible. The plants and the adhering soil were wrapped in wax paper and 
taken to the laboratory where they were placed in water and the soil care¬ 
fully removed from the roots. By doing this, comparatively few of the 
small lateral rootlets were broken. - After the roots had been well cleaned 
they were floated in water in one half of a Petri dish and examined with 
the aid of a dissecting microscope. When lateral roots with some discolora¬ 
tion were observed they were removed in lengths of 3 to 5 cm. and placed in 
sterile tap water for additional washing. These fragments of roots were 
washed thoroughly in three changes of sterile distilled water and placed 
in a drop of sterile distilled water in the center of a vaseline-ringed cover 
slip. The cover slip was then inverted over a Van Tiegham cell mounted on 
a slide or over a deep, hollow ground slide. The completed preparations 
were placed in a large moist chamber and incubated at room temperature 
for 24 hr. 
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The growth characteristics of the organisms associated with the sugar 
beet seedling diseases in Ohio, as indicated from isolations thus made, were 
sufficiently distinctive to permit ready identification when the hanging 
drop preparations were examined microscopically. 

In all pathogenicity tests sterile Brookston clay soil was mixed with 
cultures growing on the following medium: equal parts, by weight, of corn 
meal and sand wTre mixed, and the amount of the mixture that could be 
contained in a 100-cc. beaker was placed in a 200- or 300-cc. flask. One 
hundred ml. of water were then added to each flask. The flasks were 
plugged with cotton and autoclaved at 15 lb. pressure for two hours on 
two consecutive days. 

Transfers were made from actively growing cultures of the fungi, on 
potato-dextrose agar slants, to the corn meal and sand medium. The mouths 
of the flasks were then covered with waxed paper to lessen the drying out 
of the medium and the cultures were incubated for 10 to 14 days. Following 
incubation the mycelium of the fungi had usually thoroughly permeated the 
medium. The entire mycelial culture was then removed from the flask and 
mixed into the soil at the rate of one such culture to two 6-inch pots of soil. 
After the soil was mixed with the culture it was well watered and left un¬ 
disturbed for three days, after which time it was seeded with sheared seed 
of the type used in commercial plantings in Ohio. 

The soil temperature studies were made in Wisconsin type temperature 
tanks. 

RESULTS 

Using the method of isolation previously described 689 cultures were 
obtained. The species distribution of the isolations is shown in table 1. 

Because of the large number of isolates it was considered advisable to 
test pathogenicity of representative samples from each of the groups rather 
than test all of the isolates. In the preliminary test, any organism caus¬ 
ing a reduction in the number of seedlings to emerge from the soil or any 
definitely diseased seedlings was selected for a second and more definitive 
test. In the preliminary test no attempt was made to reisolate the causative 
fungi from the diseased seedlings. Such reisolations were made from beets 
becoming diseased in the second test. 

TABLE 1 .—Distribution of 6^9 isolations among species 


Organism 

Times 

isolated 

Percentage 
of total 

1. Aphanomyccs cochlioidcs 

Til 

15.9 

2. Pythium deharyanum . . 

87 

12.6 

3. Rhizoctonia solani 

52 

7.6 

4. Aliernaria tenuis 

22 

3.2 

f). Fnsarinm spp. . 

280 

40.6 

6. Papulospora sp. . 

30 

4.3 

7. Undetermined Phyoomycetes . 

27 

3.9 

8. Unidentified . . 

80 

11.7 
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In all of the pathogenicity tests the soil was mixed with cultures of the 
fungi as previously described. The seed, sheared and untreated, was 
planted at the rate of 25 seed pieces to each 6-inch pot of soil. 

After the seedlings had emerged from the soil they were examined fre- 

TABTjE 2 .—The pathogenicity of fungus isolates to sugar beet {seedlings^ 


Roduction 


Organism and 

Plants 

in emergence 

Itnu/i/l 

Post emer¬ 

Plants alive at 

isolate number 

emerging 

ll till 

mean of 

gence deaths 

end of test 



controls 




Aphanomyces 

Number 

Number 

Number 

iV umber 

Per cent 

corhlioides 





1 

12.0 

14.6 

12.0 

00.0 

00.0 


13.0 

13.6 

13.0 

00.0 

00.0 

3 

15.5 

ll.l 

15.5 

00.0 

00.0 

4 

12.5 

14.1 

1.0 

11.5 

43.2 

5 

17.5 

9.1 

6.0 

11.5 

43.2 

d 

18.0 

8.6 

3.5 

14.5 

54.5 

7 

18.0 

8.6 

3.0 

15.0 

56.3 

8 

19.5 

7.1 

3.0 

16.5 

62.0 

9 

19.0 

7.6 

2.0 

17.0 

63.9 

10 

23.5 

3.1 

:.o 

22.5 

84.5 

Average 

Pythium 

16.8 

9.7 

6.0 

10.8 

40.8 

(lebaryanunn 



1.5 

3.0 


*1 

4.5 

22.1 

11.2 

2 

4.5 

22.1 

0.0 

4.5 

16.9 

3 

9.5 

17.1 

3.5 

6.0 

22.5 

4 

10,5 

16.1 

1.5 

9.0 

33.8 

5 

16.5 

10.1 

2.0 

14.5 

54.5 

6 

16.0 

10.6 

4.5 

11.5 

43.2 

7 

19.0 

7.6 

1.5 

17.5 

65.7 

8 

24.5 

2.1 

6.5 

18.0 

67.6 

Average 

JRhizoctonia 

13.1 

13.5 

2.6 

10.5 

39.4 

solaiii 




00.0 

00.0 

1 

00.0 

26.6 

00.0 

2 

6.5 

20.1 

0.0 

6.5 

24.4 

3 

9.5 

17.1 

0.0 

9.5 

35.7 

4 

19.0 

7.6 

10.5 

8.5 

44.7 

5 

21.5 

5.1 

2.0 

19.5 

73.3 

6 

21.5 

5.1 

0.0 

21.5 

80.0 

Average 

Unidentified 

13.0 

13.6 

2.0 

10.9 

43.0 

Phycomycetes 

1 

5.0 

21.6 

2.5 

2.5 

9.3 

2 

15.0 

11.6 

5.0 

10.0 

37.5 

3 

22.5 

4.1 

5.0 

17.5 

65.7 

4 

27.5 

-1.0 

1.0 

26.5 

103.0 

Average 

Control 

17.5 

26.6 

9.6 

0.0 

3.3 

0.0 

14.1 

26.6 

53.9 

100.0 


« Figures based on the average of two pots per isolate except for the control which 
is an average of eight pots. 

quently for indications of disease. The tests were culminated three weeks 
after seedling emergence. At that time counts were made of the apparently 
healthy plants and of the seedlings which had been removed because of 
disease. By totaling these two figures and comparing them with the number 
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of seedlings in the check pots the amount of preemergent disease could bo 
determined. 

Table 2 is a list of all isolates tested and their degrees of virulence. The 
results given are the averages from two inoculated pots for each isolate. 

As would be expected, from the results of previous investigations, the 
various isolates of Rhizoctonia solani show varying degrees of virulence. 
This variation is undoubtedly related to the differing physiologic strains 
within the species. It is also illustrated by the results of this test that there 
are wide variations in virulence among the ten isolates of Aphanomyces 
cochlioides tested. A similar result is indicated for Pythinm deharyanum, 
as well, but here the range or spread of pathogenicity is not so great as 
with A, cochlioides. In both instances it would seem that the differences 
between the least virulent and the most virulent are sufficiently great that 


TABLE 3.- 
tissiic.'i 

—Fungi identified from 

hanging 

drop cultures 

of sugar 

heet seedling 

Date® 

Aphano¬ 

myces 

cochlioides 

Pythium 

Rhizoc¬ 

tonia 

Fusarium 

Unidenti¬ 

fied 

Total 

May 30 

15 

4 

4 

2 

0 

25 

June 7 

28 

4 

0 

0 

0 

32 

J line 12 

14 

6 

2 

3 

2 

27 

June 18 

10 

.5 

1 

0 

2 

18 

June 22 

17 

6 

0 

1 

0 

24 

July 1 

5 

5 

3 

3 

4 

20 

July 10 

24 

8 

0 

2 

3 

37 

July 24 

21 

5 

7 

0 

1 

24 

July 30 

12 

2 

5 

1 

0 

20 

Total 

146 

45 

22 

12 

12 

210 

Percentage 
of total 

69 

21 

10 

5 

5 



« Approximate. 

they can not be explained by the extremely slight environmental differences 
among the various units of this test. 

Table 3 is a summation of the identifications made directly from the 
hanging drop preparations. No attempts were made to isolate pure cul¬ 
tures from these preparations. 

Observations of field planted beets having indicated that high phosphate 
applications seemed to result in the reduction of the amount of black root 
in some plantings, one of the more virulent isolates of the Aphanomyces 
cochlioides was selected to study the effects of varying temperatures and 
phosphate applications on the development of the disease. 

Sterilized Brookston clay soil contained in Wisconsin type temperature 
tanks was mixed with 10-day-old cultures of Aphanomyces cochlioides grow¬ 
ing on potato-dextrose agar plates. The soil was well watered and left un¬ 
disturbed for three days. It was then planted with seed of the type used in 
the pathogenicity tests and phosphate was added at the rates of 400 and 500 
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lb. super phosphate per acre. There were two containers of each treatment 
at each temperature and two check containers (no fertilizer) at each of the 
five temperature levels used in the test. The averaged results are in table 4. 

4 .—Ejfect of temperature and phosphate applications on the development 
of black root of sugar beet seedlings 


Temperature 
in degrees C. 


32 

28 

24 

20 

18 


summary and conclusions 

Based on the number of times isolated, the fungus primarily responsible 
for black root of sugar beets, in Ohio, is Aphanomyces cochlioides Drech., 
the isolates of this fungus constituting 15.9 per cent of a total 689 isola¬ 
tions. This fact was amply substantiated by observations made by identi¬ 
fying the organism in hanging drop preparations. Of 210 identifications 
made in this way 69 per cent were Aphanomyces cochlioides, Pythium 
deharyanum Hesse appeared in culture with a frequency almost equal to 
that of Aphanomyces cochlioides but in the hanging drop preparations the 
latter was identified 146 times to 45 times for Pythium deharyanum. Third 
in frequency of isolation and identification as a pathogen was Rhizocionia 
solani Kuhn: 7.6 per cent of the isolations and 10 per cent of the hanging 
drop cultures were identified as this species. Some of the isolates of 
Rhizocionia solani were among the most virulent pathogens. 

Seasonal variation in the organisms isolated was negligible. During the 
season the ratio of one fungus isolated to another was remarkably constant. 

From the temperature tank phosphate experiment it can be concluded 
that the amount of black root due to Aphanomyces cochlioides tends to in¬ 
crease when soil temperatures rise from 18° to 24° C. and are higher despite 
phosphate applications at temperatures of 24°, 28°, and 32° than at 20° 
and 18° C. 

At 28° and 32° C., phosphate applications have no effect in reducing 
the amount of black root. However, at soil temperatures of 18°, 20°, and 
24°, both 400- and 500-lb. applications caused a marked reduction in the 
number of seedlings becoming diseased. 

This fertilizer effect at low temperatures is highly significant from a 
practical standpoint because these are the temperatures that prevail during 
the early spring when most of the beet acreage is being planted. 

Ohio Agricultural Experiment Station, 

Ohio. 
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A DISEASE OP CABBAGE AND OTHER CRUCIFERS DUE TO 
CERCOSPORELLA BRASSICAE‘ 

P. W. Miller^ and F. P. McWhorter'^ 

(Accepted for publication May 29, 1948) 

During the late winter and spring of 1943-1944 the foliage of cabbage 
being grown for seed in Coos and Curry Counties, Oregon, was infected with 
a Cercosporella sp. hitherto unreported on this host in Oregon. Bird rape 
{Brassica campesiris L.), known locally as wild mustard, and turnip 
(Brassica rapa L.) growing close by were found abundantly infected with 
the same or a closely related organism. 

A brief description of this disease on cabbage in Oregon has already 
been published in a preliminary report (15). 

GEOGRAPHICAL DISTRIBUTION OP THE DISEASE 

Leaf spots of Brassica spp. due to Cereospora-like fungi are widely dis¬ 
tributed. They have been reported from the following countries: Brazil 
(22), England (5, 7, 20, 22), France (22), Guam (22), Puerto Rico (25, 26), 
China (13), United States (1, 25), and Yugoslavia (22). In the United 
States, leaf spots of Brassica spp. due to Cercospora-like fungi have been 
reported from the following states: Alabama (25), California (11, 21, 25), 
Connecticut (1, 25), Delaware (25), Florida (1, 24, 25), Georgia (25), 
Illinois (1, 25), Indiana (3, 25), Louisiana (2, 25), Massachusetts (8, 25), 
Maryland (25), Minnesota (25), Mississippi (17, 25), Missouri (14, 25), 
New Hampshire (25), New Jersey (25), New York (25), Oklahoma (25), 
Oregon (6, 15, 25), Pennsylvania (16, 25), South Carolina (25), Texas 
(1, 12, 25), and Virginia (25). 

The disease on cabbage has so far been reported only from the follow¬ 
ing states: Alabama (25), California (21), Mississippi (17), and Oregon 
(15). It also has been reported from Puerto Rico (25, 26). 

ECONOMIC IMPORTANCE OP THE DISEASE 

The disease on cabbage has not been of major importance in Oregon. 
Infected plants have not been damaged severely, as the disease was confined 
to the lower leaves. It did not attack the inflorescences. However, the 
causal fungus has caused economic damage to mustard and turnip being 

1 Published as Technical Paper No. 528 with the approval of the Director, Oregon 
Agricultural Experiment Station. Contribution of the Department of Botany and Plant 
Pathology in cooperation with the Division of Fruit and Vegetable Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, U. 8. Department of Agriculture. 

2 Plant Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Admin¬ 
istration, U. 8. Department of Agriculture. 

3 Plant Pathologist, Oregon Agricultural Experiment Station, and Agent, D'^dsion 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and Agri¬ 
cultural Engineering, Agricultural Research Administration, U. S. Department of Ag¬ 
riculture. 
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Fig. 1. Young Wsions on a cal)bagc leaf cauheil by CercosporcUa hrassicae. Note 
dendritic type of lesion. 

grown for greens in other regions (2, 24). Moreover, damage to culti¬ 
vated turnip and mustard plants being grown for seed production has re¬ 
sulted from a reduction in the ninetional leaf area. 

SYMPTOMS 

Cabbage. Only the leaves of the cabbage plant have been attacked by 
this fungus. In its initial stages, the disease superficially resembles downy 
mildew of cabbage due to Peronospora pata^ttica, the young lesions being 
small, averaging approximately 2 mm. in diameter, dark gray or black, 
and dendritic in form (Fig, 1). The lesions later lose their dendritic con¬ 
figuration and become more or less rectangular or rounded with well-de¬ 
fined margins. The mature lesions measure from 10 to 22 mm. in diameter 
and are ashy black. 



Fio. 2. Lesions on turnip leaf caused by Cercosporella hraasicae. 
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Turnip and wild mustard. The lesions oh turnip and wild mustard^ 
leaves are conspicuous, typically round, semi-transparent, with brownish- 
gray centers and well-defined brown or tan margins (Pig. 2); they are 
larger than those on cabbage, averaging about 30 mm. in diameter when 
fully developed. An extreme necrosis of the invaded tissues occurs. The 
lesions do not have the dendritic form so characteristic of the disease in its 
initial stages on cabbage. 

PATHOLOGICAL HISTOLOGY 

The fungus mycelium in both cabbage and turnip leaves is predomi¬ 
nately intercellular. 

In turnip, the protoplasts and cell walls in the invaded areas are de¬ 
stroyed which results in a necrotic type of lesion. In cabbage, however, 
killing of the cells is more restricted. The paths of the lateral hyphae are 
demarked by black, necrotic masses formed from the middle lamella and 
abutting cell wall (Pig. 3, C). The adjacent cells are partly emptied, but 
the protoplasts of those farther away from the advancing hyphae are only 
yellowed with masses of lipoid elements present as free oils^or held in large 
v^aeuolate elaioplasts. The localization of killed areas accounts for the den¬ 
dritic pattern of the young lesions. 

THE CAUSAL ORGANISM 

Morphology 

The conidia of the causal fungus from lesions on cabbage vary at ma¬ 
turity from 70 to 100 /i x 2-3 /m, the average dimensions being 80 x 2.5 /x. 
They are hyaline, elongate-cylindrical, mostly 3- to 4-celled, with indistinct 
cross walls. The young conidia are more or less straight but mature co¬ 
nidia are typically curved at both ends (Pig. 3, A). The conidia are not 
borne on a stroma but originate from hyphal strands loosely aggregated 
beneath the stomata. They are commonly borne uniformly over the sur¬ 
face of the lesion. 

Conidia from lesions on wild mustard and turnip are similar to those 
of the fungus on cabbage except that they are irregularly partitioned, thus 
having one cell of smaller dimensions than the others. On freshly col¬ 
lected material, the conidia contain from 3 to 5 cells and average 65 /x x 2.5 /x 
(Pig. 3, B). As in the lesions on cabbage, the conidia are not borne from 
a stroma but from hyphal strands which generally are massed within the 
stomatal openings. 

Taxonomy 

Prom its conidial characteristics the causal fungus is evidently Cerco- 
sporella brassicae (Pautr. et Roum). Hoehnel (18, 23), a synonym for 
which is Cercospora {Cercosporella)' oTbo-maculans Ell. et Bv. (9, 19). 

Host Range and Pathological Significance 

Cercospora-like fungi have been reported on the following Crucifers: 
Rrassica oleraceae var. capitata L. (1, 13, 21, 25), B, oleraceae var. iialica 
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Plenck. (3, 14, 25), B, oleraceae var. viridis L. (6, 25), B. chtnerms L. (11, 
22), B. campestris L. (8, 13, 25), B. juncae Coss. (25), B. nigra L. Kook 
(25), B. napns L. (25, 26), B, kaher (D. C.) L. C. Wheeler (25), B, oleracea 
var. gemifera D. C. (11), campestris var. napohrassica (L.) D. C. (18, 



Fio. 3. A and B, Conidia of Cercosporella hrassicae: A, from lesions on cabbage 
leaf, X 200; B, from lesions on turnip leaf, x 200; C, Photomicrograph of young lesion on 
cabbage leaf showing the effect of the destruction of cell walls, x 75. 

25), B. pekinensis (Lour.) Rupr. (1, 25), B, rapa L. (1, 24, 25, 26), and 
Raphdnus sativus L. (4, 10, 14, 25). 

Despite the widespread occurrence of Cercospora-like fungi on many 
Crucifers, there are relatively few reports of these fungi causing economic 
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damage. In 1927, Davis (8) tried to infect beets, celery, parsnips, carrots, 
and cabbage by inoculation with conidia of a Cercosporadike fungus from 
lesions on Chinese cabbage but without success. Weber (24) reported that 
in Florida Cercosporella albo-maculans was widespread and common on 
turnip, but not severe enough to cause any damage except in certain in¬ 
stances when it prevented turnip greens from being marketed. Chupp, in 
a personal communication, stated that the fungus was rather prevalent and 
sometimes destructive on turnip in New York. In 1943, Snyder and 
Baker (21) reported a leaf spot on cabbage in California due to Cerco- 
spora sp. but the disease was of little economic significance, being confined 
to the lowest leaves on the plant. In 1944, Baines (3) reported leaves of 
broccoli {Brassica oleracea var. italica) were severely infected with Cerco¬ 
sporella albo-niaculans (E. & E.) Sacc. 

Cross Infection Studies 

The occurrence of this disease on cabbage, wild mustard, and turnip 
growing in close proximity suggested that wild mustard or turnip was the 
likely source of the disease on cabbage. To determine this, cross inocula¬ 
tions under controlled greenhouse conditions were performed using coniclial 
suspensions from sporulating lesions on cabbage and turnip, respectively. 
This procedure was necessitated by the failure of the causal organism to 
fruit in culture. Numerous lesions indistinguishable from those on turnip 
in nature were produced on leaves of young turnip plants by atomizing 
them with suspensions of conidia from sporulating lesions on cabbage. 
Conversely, typical lesions were produced on leaves of young cabbage by 
atomizing them with suspensions of conidia from sporulating lesions on 
turnip. These results indicate that the disease on these two hosts has a 
common cause. 

SUMMARY 

A disease of cabbage and other Crucifers caused by the fungus Cerco¬ 
sporella brassicae (Fautr. et Roum.) Hoehnel is described and discussed. 

The geographical distribution, economic importance, and host range of 
the disease are discussed. 

The causal fungus and its effects on host cells are described. 

Cross-inoculation studies indicate that the disease on cabbage, wild mus¬ 
tard, and turnip has a common cause. 

U. S. Department of Agriculture 

AND 

Oregon Agricultural Experiment Station. 

literature cited 

1. Anderson, P. J., R. J. Haskell. W. C. Muenscher, C. J. Hield, J. I. Wood, and 

G. H. Martin. Check list of diseases of economic plants in the United States. 

U. S. Dept. Agr. Dept. Bui. 1366. 1926. 

2. Bain, D. C. Diseases of cabbage and turnip in Louisiana. U. S. Dept. Agr., 

Plant Dis. Beptr. 28: 252. 1944. 



898 Phytopathology [Vol. 38 


3. Baines, E. C. Cercosporella spot on broccoli. U. S. Dept. Agr., Plant Dis. Eeptr. 

28: 240. 1944. 

4. BaudyS, E. et Pich. Moravska PHrodovedecke Spolecnost (5F) : 305. 1924. 

5. Berkeley, M. J. Additional observations on the White Bust of cabbages. Jour. 

Eoy. Hort. Soc. 6: 117-121. 1851. 

6. Boyle, L. W. Cercosporella leaf spot of kale in Oregon. U. S. Dept. Agr., Plant 

Dis. Eeptr. 29: 387. 1945. 

7. Cooke, M. C. Cabbage anthracnose. In Fungoid pests of cultivated plants. 278 

pp. Spottiswoode & Co., London. 1906. 

8. Davis, W. H. Notes on the Cercosporella leafspot of Chinese cabbage in Massachu¬ 

setts. Phytopath. 17: 669-670. 1927. 

9. Ellis, J. B., and B. M. Everhart. New species of fungi from various locations: 

Cercospora (Cercosporella) albo-macvlans E. & E. on leaves of Brassica cam- 
pestris. Proc. Acad. Nat. Sci. Philadelphia 46: 378. 1894. 

10. Ellis, J. B., and B. M. Everhart. Additions to Cercospora, Glocosporium and Cy- 

lindrosporium. Jour. Myc. 3: 1.3-22. 1887. 

11. Gardner, M. W. In Diseases of idants in the United States in 1939. U. 8 . Dept. 

Agr., Plant Dis. Eeptr. Supplement 128: 210-378. 1941. 

12. Heald, F. D., and F. A. Wolf. A plant-disease survey in the vicinity of San Antonio, 

Texas. U. S. Dept. Agr. Bur. Plant Indus. Bui. 226. 1912. 

13. Ling, Lee. Host index of the parasitic fungi of Szechwan, China. U. S. Dept. Agr., 

Plant Dis. Eeptr. Supplement 173: 8. 1948. 

14. Maneval, W. E. Some recent records of plant pathogens' in Missouri. U. S. dept. 

Agr., Plant Dis. Eeptr. Supplement 126: 151—164. 1940. 

15. Miller, P. W., and F. P. McWhorter. A disease of cabbage in Western Oregon 

due to Cercosporella albomacidans, (Abstr.) Phytopath. 34: 936. 1944. 

16. Niederhauser, J. S. Diseases observed on broccoli in Pennsylvania. U. S. Dept. 

Agr., Plant Dis. Eeptr. 28: 916. 1944. 

17. Presley, J. T. A host index of Mississippi plant diseases. U. S. Dept. Agr., 

Plant Dis. Eeptr. Supplement 169: 63. 3947. 

18. Eoumeguere, C. Fungi exsiccati precipue Gallic!; Cylindrosporium brassicac. 

Eevue Mycologique 13: 73-83. 1891. 

19. Saccardo, P. a. Sylloge Fungorum 11. 606 pp, Friedlander, Berlin. 1895. 

20. SoLHEiM, W. G., and F. L. Stevens. Cercospora studies—II. Some tropical Cer- 

cosporac. Mycologia 23: 365-405. 1931. 

21. Snyder, W. C., and K. F. Baker. Diseases of seed cabbage in California. U. S. 

Dept. Agr., Plant Dis. Eeptr. 27: 394-398. 3943. 

22. Stevenson, J. A. Foreign plant diseases. U. S. Dept. Agr., Office of the Secretary. 

198 pp. Gov’t, printing office, Washington D. C. 1926. 

23. VON Hcshnel, F. Beitrag zur Kenntnis der Gattung Cylindrosporiurw Grev. Ann. 

Myc. 22: 191-203. 1924. 

24. Weber, G. F. Some diseases of cabbage and other Crucifers in Florida. Florida 

Agr. Exp. Sta. Bui. 256. 1932. 

25. Weiss, Freeman. Check list revision. U. S. Dept. Agr., Plant Dis. Eeptr. 30: 388- 

404. 429-435. 1946. 

26. Young, E. Studies in Porto Eican parasitic fungi—II. Mycologia 8: 42-46. 1916. 



AN ANTIBIOTIC SUBSTANCE ACTIVE AGAINST CERTAIN 
PIIYTOPATHOGENS ^ 

Curt Leben and G. W. Keitts 
(Accepted for publication June 1, 1948) 

During the past few years the marked advances in the use of antibiotic 
substances in the field of animal disease control have stimulated research 
on the use of these agents in the control of plant diseases incited by bacteria 
or fungi (e.g., 1, 2, 4, 6, 7, 8, 9, 10, 13, 15, 16). In this connection, this 
laboratory has published notes on an unidentified antibiotic from an actin- 
omyccte, which was effective as a protectant spray against apple scab and 
tomato early blight in greenhouse tests (11, 12). The purpose of the pre¬ 
sent paper is to report more fully studies on the production, purification, 
properties, and in vitro biological activity of this material. Investigations 
on its possible use in the control of plant diseases are being extended and 
will be reported later. 

The antibiotic has tentatively been given a name, antimycin, since on 
the basis of properties and biological effects described in the present paper 
it appears to be distinct from all others that have come to our attention. 

THE ANTIBIOTIC ORGANISM 

In 1945, a plate culture of Venturia inaeqmlis (Cke.) Wint. was 
markedly inhibited by a white, slow-growing actinomycete contaminant. 
This organism produced the musty odor typical of actinomycetes, and in old 
potato agar^ cultures a small amount of a green-black pigment was noted. 
According to the classification of Waksman and Henrici (17) the organism 
has been placed as an undetermined species in the genus Streptomyces (See 
figure 1,‘A). 

Several modes of culture have been used to grow the antibiotic organism, 
and in each antimycin was produced. Temperatures employed in the 
various experiments ranged from 24° to 28° C. On nutrient agar or potato 
agar, growth was satisfactory and the active substance readily diffused 
through the medium. In continuously shaken liquid substrates such as a 
corn steep liquor medium* the organism grew vigorously as a heavy suspen¬ 
sion of spores and hyphae. The maximum antimycin concentration in the 
culture filtrate for this method of growth was reached in three or four days. 
During this time there was a reaction change from pH 7.0 to pH S.O-S.S. 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi¬ 
ment Station. Supported in part by a grant from the Schenley Research Institute. 

2 Research associate and professor, respectively. The authors are indebted to Roland 
Hodgson, John E. Mitchell, and W. H. Peterson for their aid and suggestions, and to 
Eugene Herrling, who prepared the photographs. 

3 Per liter: extract from 40 gm. of sliced, peeled potatoes steamed one half hour in 
500 ml. of water; glucose, 5 gm.; agar, 17 gm. 

* Per liter: corn steep liquor (50 per cent solids), 50 gm.; glucose, 10 gm.; and 
CaCOs, 1.5 gm. The medium was adjusted to pH 7.0 before the CaCOa was added. 
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The orgranism also has been grown in 14-liter lots of corn steep liquor med- 
dium in stationary tanks provided with stirrers and means for continously 
passing sterile air through the medium.® Shake flask fermentations have 
given yields of 1-3 units (a unit is defined later in this paper) per ml. of 
the culture filtrate; in tank fermentations yields of 3-5 units per ml. have 
been obtained. 

The organism has been kept for over two years in soil or under oil (14) 
with apparent stability. 

ASSAY, PARTIAL PURIFICATION, AND SOME PROPERTIES OF THE ACTIVE MATERIAL 

A blotting paper disc assay using the fungus Olomerella cingulata 
(Stoneman) Spauld, and v. Schrenk., our isolate number 22, was employed 
to determine the potency of antimycin in various preparations. In pre¬ 
liminary tests this isolate gave the most satisfactory type of inhibition rings 
in trials using various temperatures, media, and a number of fungi that 
were inhibited by the culture filtrate. For the assay, 20-ml. amounts of 
nutrient agar were allowed to harden in Petri plates. These were then 
layered with five ml. of a spore suspension of the assay organism in warm 
(40°-45° C.) nutrient agar. Blotting paper discs 6 mm. in diameter were 
dipped in the preparation to be assayed, drained in a uniform manner, 
placed on the surface of each of three seeded plates, and the plates incubated 
24 to 36 hours at 28° C. On each plate usually five different test prepara¬ 
tions and a standard solution of one unit per ml.® were tested at one time. 
The diameters of the resulting zones of inhibition were measured and the 
potency of a given preparation determined with the aid of a dilution curve 
of the standard. The diameter of the zone of inhibition for a given prep¬ 
aration is a straight line function of the log of the concentration. The 
assay has not been evaluated statistically; however, we have found it use¬ 
ful for the type of studies that will be described. 

The antibiotic in the culture filtrate was partly purified by means of the 
method indicated in table 1. Cultures were prepared by heavily seeding 
300-ml. amounts of the corn steep liquor medium in liter Brlenmeyer flasks, 
which were shaken in a reciprocating shaker for four days at 26° C. Anti¬ 
mycin has also been extracted from the culture filtrate with butanol, al¬ 
though in our hands this method was not so eflScient as that given in table 1. 

Ethanol solutions prepared as indicated in table 1 were deep red and 
had the earthy odor typical of actinomycetes. On the addition of four to 
nine volumes of water, an amorphous precipitate was formed that con¬ 
tained all, or nearly all, of the activity. Prom this precipitate antimycin 
was extracted with water at pH 9.3 and partly extracted with water at 

5 For these tests the tank fermentation equipment of the Department of Biochem¬ 
istry, University of Wisconsin, was used. Grateful acknowledgment is made to M. J. 
Johnson and W. E. Brown for aid and suggestions made in connection with this phase of 
the work. 

® An ethanol solution of the active material, giving zones of inhibition from 16 to 
18 mm., was arbitrarily assigned a potency of one unit per ini. and used as a standard. 
It has been kept 14 months at 8° C. with no apparent loss in activity. 
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pH 6.0; it was reprecipitated in an amorphous form by adjustiiifr the pH 
to 2.5. At pH 9.3 no activity remained after two days at room temperature; 



Fig. 1. A. Photomicrograph of aerial conidial chains of the antibiotic organi.m. 
B. Sclerotinia fructicola (Wint.) Rehm seeded 5, 20, and 35 mm. from a streak of the 
antibiotic organism. Note complete inhibition of S. fructicola at 5 mm. and reta/ied 
growth at 20 and 35 mm. C. Control plate containing S, fructicola. 

at pH 11.0 no activity remained at the end of an hour. Antimycin in the 
culture filtrate (pH 8.3) was inactivated in eight minutes at 100° C. Water 
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suspensions at pH 2.5 and ethanol solutions appeared to be stable at 8°C. 
About one half of the activity in ethanol solutions was lost on refluxing 
1.5 hours. 

Antimycin was adsorbed by Norite from ethanol and from the culture 
filtrate; elutions with a number of reagents were not successful. Dialyza- 
bility was tested by sealing 25 ml. of the culture filtrate in a Visking cello¬ 
phane bag, which was suspended overnight in a covered beaker containing 
500 ml. of distilled water and a few drops of chloroform to act as a pre¬ 
servative. An assay indicated no change in potency of the residue in the 
bag; the dialysate, when concentrated to a small volume under reduced 
pressure, showed no activity. Aqueous suspensions at pH 6.1 (15 units 
per ml.) gave the following negative tests: Molisch, biuret, Hopkins-Cole, 
xanthoproteic, Millon, FeCla, and ninhydrin. 

TABLE 1 .—FractionaHon procedure 


Step 


Treatment 


Total 

volume 


Total 

units 


Units per 
mg. dry- 
weight 


ml. 

T. Culture centrifuged. Sediment discarded. 800 a 0.16 

II. Supernatant acidified to pH 2.5 (HOI). Sus¬ 
pension centrifuged. Inactive supernatant dis¬ 
carded. Precipitate extracted four times with 

40-ml. amounts of absolute ethanol. 160 2,400 7.57 


a Not assayed directly. Assumed to be 2,400 units since discarded supernatant in 
step II, was inactive. 

When ethanol solutions prepared as indicated in table 1 were dried 
in vaciLO and from one to four times the original volume of various solvents 
ad4ed and allowed to stand four to 12 hours, the maximum activity that 
could be accounted for in the various solvents was from 30 to 50 per cent 
of the original. Under these conditions reagents that dissolved the maxi¬ 
mum amount of antimycin were acetone, butanol, chloroform, ethanol, ether, 
ethylene glycol, methanol, methyl acetate, propylene glycol, and pyridine. 
Antimycin was less soluble in benzene, carbon tetrachloride, petroleum 
ether, and toluene, and insoluble in water. 

Fractionations have been carried further than indicated in table 1. 
These procedures, at present not fully evaluated, are being studied further 
and will be reported later. 


THE ACTIVITY OF ANTIMYCIN IN VITRO 
Screening Tests 

In screening tests, the antibiotic organism was streaked near the side of 
plates containing nutrient agar (for bacteria) or potato agar (for fungi), 
and the plates incubated four days at 24° C. to permit growth of the organ¬ 
ism and the diffusion of antimycin. Plates then were seeded with test or¬ 
ganisms. Bacteria were streaked perpendicularly from the Streptomyces 
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culture, and fungi were seeded with small pieces of the mycelium placed 
at varying distances from the Streptomyces streak^ Inhibition was noted 
in two or more trials by the absence or reductipn of growth adjacent to the 
antibiotic organism after an incubation period at a temperature suitable 
for the growth of the test organism (Pig. 1; B, C). All of the fungi except 
Venturia inaequalis were incubated four days at 24° C.; V, inaequalis was 
incubated 2 weeks at 16° C. The phytopathogenic bacteria were incubated 
two days at 24° C.; the remaining bacteria were incubated 24 hours at 37° C. 

All the fungi tried in the screening tests were inhibited in varying de¬ 
grees. The species tested were: Alternaria sola/ni (E. and M.) Jones and 
(Irout, Ascochyta sp. (from pea)^, Chalara quercma Henry, Cochlioholus 
(Ophioholus) miyaheaniis Ito and KuYihay yColletotrichum circinans (Berk.) 
Vogl., C. graminicolum (Ces.) G. W. Wils.®, C. lagenarium (Pass.) E. and 
H., C, Undemuthianum (S. and M.) Bri. and Cav.®, C. pisi Pat., (7. pJw- 
moides (Sacc.) Chester, Fusarium oxysporum f. conglutinans (Wr.) S. and 
II., F. oxysporum f. lycopersici (Sacc.) S. and H.,'P. oxysporum f. nico- 
tianae (Johns.) S. and H., F. oxysporum f. pisi (Sny.) S. and H., Gihher- 
ella zeae (Schw.) Petch, Olomcrella cingulata^, Ilelminthosporium sativum 
Pam., King, and Bakke, Macrosporium sp. (from muskmelon), M. sp. (from 
pea), Mycosphaerclla citrullina (Sm.) Gross., Neurospora crassa Shear and 
Dodge, Nigrospora sphaerica (Sacc.) Mason, Phoma Ungam (Tode) Desm., 
P. terrestris Hansen, Phycomyces Makesleeanus Burgelf, Pythium gramini- 
colum Subr., P. sp., Sclerotinia fructicolay 8. laxa Ader. and Ruhl., 8 , minor 
3B.^g^eTy 8. sclerotiorum (Lib.) T)Qj^Q,ry,8temphyliumsarcinaeforme (Cav.) 
Wilts., and Venturia inaequalis^. 

The bacteria used in screening tests were the following; Agroiacterium 
tumefaciens (Smith and Townsend) Conn, Bacillus cereus var. mycoides 
(Fliigge) Bergey et al., B, subtilis Cohn emend Prazmowski, Corynebac- 
terium fascians (Tilford) Dowson, Erwinia amylovora (Burrill) Winslow 
et al., Escherichia coli H 52 (Migula) Castellani and Chalmers, Micrococcus 
pyogenes var. aureus 209 P. (Rosenbach) Zopf, Proteus vulgaris Hauser. 
Pseudomonas aeruginosa (Schroeter) Migula, P. savastanoi (Erw. Smith) 
Stevens, P. solanaccarum Erw. Smith, 8erratia marcescens Bizio, Xantho- 
monas beticola (Smith, Brown, and Townsend) Bergey et al., and X, cam- 
pestris (Pammel) Dowson. The only species that were affected were B, 
cereus var. mycoides and E, amylovora, which were completely inhibited 
12 and 17 mm., respectively, from the 8treptomyces culture. 

Agar-streak Tests 

With some of the organisms found to be inhibited in the screening tests, 
agar-streak tests (18) were made to determine if the material partly puri- 

7 Fop screening tests and the agar-streak tests, which are described later, inocula of 
all fungi except Venturia inaequalis were prepared from potato agar cultures that had 
grown four to seven days at 24° C. That for F. inaequalis was made from three- to 
five-week cultures kept at 16° C. Suspensions of the phytopathogenic bacteria were made 
from nutrient agar cultures that had grown 48 hours at 24° 0.; the suspensions for the 
remaining bacteria were prepared from 24-houp cultures held at 37° C. 

8 More than one isolate tested. 
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fied on the basis of results with one assay organism was effective against 
other organisms, and, if so, to note the amount of the antibiotic substance 
necessary to inhibit the various organisms. 

From a concentrate prepared as indicated in table 1, dilutions were 
made in sterile water. The resulting suspensions were mixed well in warm 
(40°-45'^ C.) potato agar, plates were poured, and the medium was allowed 
to solidify. Media containing the same amounts of ethanol as in dilutions 

TABLE 2.— The concentration of an antimyein preparation that prevented growth 
of various organisms in agar-streak tests 


Organism* 


Isolate Inhibition 

number point** 


gg. per ml. 

Ascochyta sp. (pea) . 25.0 

Bacillus cereiis var. mycoides . 157 125.0 

Do . 3 58' 125.0 

quereina 0.8 

Colletotrichum circinans . 1.6 

Do lindemuthianum . 12.5 

Do phomoides . 0.8 

Do pisi 1.6 

Fusarium oxysporum f. lycopersici . .... > 250.0 

Do nicotianae . > 250.0 

Do pisi . ... . > 250.0 

Glomerella cingulata . 3 0.8 

Do . ... 16 1.6 

Do 18 3.1 

Do 22 6.3 

Do . 28 62.5 

Nigrospora sphaerica . 0.2 

Phoma lingam .*. .. .. 0.4 

Pythium gp.c.*.. 250.0 

Sclerotinia frvcticola . 12 1.6 

Do 118 0.4 

Stcmphylium sarcinaeforme ... ... 1.6 

Venturia inacqualis . 365—4 0.8<* 

Do . . . . 454-8 0.8<i 

Do 637-2 0.4d 

Do 898-4 0.4d 


» All fungi except F. inacqualis were incubated two days at 24° C. before data were 
taken; F. inacqualis was incubated two weeks at 16° C. B. cereus var. mycoides was in¬ 
cubated 24 hours at 37° C. before data were taken. 

b The smallest amount of the antimyein preparation (dry weight) that completely 
inhibited growth. 

c Streaked with a suspension of mycelial fragments. 

d Results baFed on one trial. 

of the antimyein preparation were used as controls®. Plates were streaked 
with the test organisms, incubated at a temperature suitable for the growth 
of these organisms, and noted for inhibition when growth became clearly 
visible on control plates. 

A summary of the data is given in table 2. Entries are based on two or 
more trials, except as noted. The growth of those species that were not 
completely inhibited at the highest concentrations used was markedly re- 

B The maximum ethanol content of test and control media was one per cent. 
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tarded. Amounts smaller than indicated in table 2 have been reported (11) 
to inhibit Sclerotinia fructicola and Venturia inaeqiialis; those data were 
obtained, however, with a preparation more purified than that used in the 
present studies. 

The end points given in table 2 are for the conditions noted; under other 
conditions dilferent end points were obtained. For example, if instead of 
fungus spores, small fragments of mycelium were used in seeding, much 
greater concentrations were needed to prevent growth. Incubation time 
was also important. The* end point for Nigraspora sphaerica was found to 
be 0.2 /Ag. per ml. at the end of a two-day incubation period; at the end of 
ten days, however, the end point was 1.6 /xg. per ml. Probably many other 
factors are important in this connection. 

discussion 

The present paper has reported studies on the production, partial purifi¬ 
cation, properties, and in vitro biological activity of an antibiotic substance 
produced by an unidentified species of Streptomyces. This material, like 
viridin (3) and glutinosin (5), appears to be more generally effective a- 
gainst fungi than bacteria. While most of the fungi dealt with in the 
present paper are phytopathogens, recent studies, as yet incomplete, indi¬ 
cate that certain fungi pathogenic to humans are also inhibited by the 
antibiotic. 

A partially purified material, which represented a 47-fold increase in 
activity over the culture filtrate, had an inhibitory effect on all of the or¬ 
ganisms tested that were antagonized in the presence of the growing anti¬ 
biotic organism. There were, however, marked differences in the amounts 
of this material necessary to inhibit different species and even different 
isolates of a single species. The order of this sensitivity was in a general 
way parallel to that observed in the presence of the growing antibiotic 
organism. 

SUMMARY 

A species of Streptomyces was antagonistic on agar to all of 33 fungi 
tested. It was not antagonistic on agar to a number of bacteria, including 
several species commonly used in antibiotic assa3’'s. The antibiotic, which 
is tentatively named antimycin, was produced in shake flasks and by tank 
fermentation. It was partly purified by ethanol extraction of the precipi¬ 
tate formed when the culture filtrate was adjusted to pH 2.5. The active 
material was nondialyzable, heat labile, and soluble in a number of organic 
solvents and in wafer at pH 9.3. Water solutions at pH 9.3 became inac¬ 
tive in a few days; water suspensions at pH 2.5 and ethanol solutions ap¬ 
peared to be stable. In agar-streak tests, the partly purified material pre¬ 
vented or reduced the growth of Bacillus cereus var. mycoides and eU of 
the 16 fungi tested. The most sensitive organism, Nigrospora sphcerica, 
was completely inhibited by 0.2 /xg. per ml.; several test organisms were 
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not completely inhibited by 250 /ig. per ml., the highest concentration em¬ 
ployed. 

Department of Plant Pathology 
University of Wisconsin 
Madison, Wisconsin 
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STUDIJIS ON THE BACTERIOPHAGE OP XANTHOMONAS PRUNl 


H. H. Thoenbebrti, a. Kisenstarkz 
AND II. W. AnDERSONI 

(Accepted for publication June 14, 1948) 

INTRODUCTION 

Studies on the bacteriophage of Xanthomanas pruni (E. F. Smith) 
Starr and Burkholder, were undertaken to expand the knowledge on this 
bacterial virus in light of the techniques, equipment, and concepts that 
have become available since the isolation of the phage in 1927 (1). Since 
this bacteriophage is among the first bacterial viruses recognized for plant 
pathogenic bacteria, its properties, in addition to current interest, are' 
of historical significance. The purpose of this paper is to give the results 
(12) and to discuss the utility and implication of the findings. 

METHODS AND STUDIES 

The bacteriophage, when originally isolated and concentrated in 1927, 
was preserved in sealed glass tubes. In May, 1947, after 20 years of stor¬ 
age in darkness at room temperature, the phage at 10'^ dilution lysed 
young cultures of Xanthomonas primi upon its initial addition to the 
culture. 

Increase of phage titer was accomplished by shallow-broth culture 
which permitted dense growth of the bacteria. Rectangular two-quart 
milk bottles containing 100 ml. of sterilized liquid culture medium^ were 
placed on their broad side after inoculation and at 22°--24°C. for 24 hr. 
The broth within the bottles was approximately 0.5 cm. deep and presented 
an exposed surface of about 2 cm.^ per ml. Sufficient solution of oxygen 
was secured by these conditions to permit dense growth of the bacterium 
throughout the medium. Lysis of such cultures yielded phage with a 
titer of 10“^ after Seitz filtration for sterilization and removal of bacterial 
fragments and sediments. Twenty-ml. aliquots of this phage filtrate were 
stored in 25-ml., glass serum bottles with rubber stoppers for further 
studies. The titer of the originally isolated phage was 10 ® when stored. 
It was not determined when revived. Its maximal increase by 12 serial 
passages through 24 hours broth cultures 3.5 cm deep (5 ml, of broth per 
15 X 150 mm. tube) was 10“^. With shallow-broth culture the titer was 
increased from 10'^ to 10'® in one lysis procedure. 

Specificity of the phage was evident from phage inoculations to cultures 
of isolates of Xanthomonas prnni and of other plant pathogenic bacterial 
species. All isolates of X. pruni from peaches, plums, and apricots located 

1 Division of Plnnt Pathology, Department of Horticulture, Illinois Agr. Exp. Sta¬ 
tion. 

2 Department of Bacteriology, Oklahoma A. and M. College, Stillwater, Oklahoma. 

3 Beef extract 3 gm., peptone 5 gm., glucose 2 gm., NaCl 5 gm. in one liter of 
distilled water adjusted to pH 7 5 for pH 7.2--7.3 after sterilization 
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in various regions of Illinois (vicinities of Belleville, Carbondale, Centralia, 
Olney, and Urbana) were lysed by the phage. Other species of bacteria 
tested {Erwinia amylovora (Burrill) Winslow et al, X. campestris var. 
armoraciae (McCulloch) Starr and Burkholder, and X. lactucae-scariolae 
(Thornberry and Anderson) Burkholder (See 11)), the last distinguishable 
from X. pruni only by pathogenicity, were not lysed. The lack of lysis 
in a culture of E. amylovora isolated from apricot twigs which is a host 
for lysable X. pruni indicates that the host in which the organism is parasitic 
either does not contribute to the specificity of lysis or such determinative 
characteristic is readily lost during multiplication and growth in the 
artificial medium used for isolation and perpetuation of the pathogen. 

Electron microscopy* was employed to disclose the morphology of any 



Fig. 1. Electron micrographs of Xanthamonas pruni bacteriophage particles (A) 
attached to a single cell, (B) attached to a constricted cell, (C) in suspension. 


particles similar to those recognized as other bacteriophages and the ad¬ 
sorption of these particles by the host bacteria. The bacteriophage in a 
filrate of 10 ** titer was added to a suspension of growing cells of Xantho- 
monos prtini and then observed under the electron microscope (Type B, 
RCA). The bacteria were surrounded with small spherical particles, ap¬ 
proximately 50 mfi (millimicrons) in diameter (Pig. 1). Electron micro¬ 
graphs of the phage filtrate revealed similar particles (Pig. 1). In very few 
cases, there was a suggestion that these particles possessed a “tail” or 
“handle” structure about 10 by 100 m/i. However, a “spherical” rather 
than a “tadpole” shape (particle with appendage) seemed to be character¬ 
istic of these particles. In this respect, the particles resembled the T3 and T7 
bacteriophage of Escherichia coli (2), which are small spheres of 45mjLi 
diameter. Also like the T3 and T7 bacteriophage, the particles in the 

4 Investigations on electron microscopy were carried out in the Department of 
Analytic Chemistry, University of Illinois, under direction of Prof. G, L. Clark. 
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X, pruni phage filtrate seemed to have a low electron density, suggesting 
that they may be flat or that they may contain some water of hydration 
when in suspension and flatten upon drying. 

Particles observed in the phage suspension were not always of uni¬ 
form size. This may have been due to the possibility (a) that the larger 
particles were aggregates rather than individual bacteriophage units; (b) 
that the particles had occluded bacterial fragments; or (c) that the phage 
suspension was a mixture of several types of particles, such as the suspen¬ 
sions used by the earliest electron microscope workers in observing the at¬ 
tack of bacteriophages on Escherichia coli (2). By analogy with the elec¬ 
tron micrographs of other bacteriophages, the si)herieal particles approxi- 




Fig. 2. Electron micrographs of lysed cells showing the region where rupture ap¬ 
parently occurred and some dense areas in the bacterial shell. (A) single cell, (B) 
double cdll, (C) clump of cells. 

mately 50 m/x in diameter and those with “tails’" are assumed to be the 
bacteriophage. Evidence is lacking that these spherical particles or their 
“tails” are the actual infectious units. 

Bacterial cells remaining after lysis (Fig. 2) show the place where rup¬ 
ture apparently occurred and some dense areas of the bacterial shell which 
may be adsorbed particles. Phage placed on established bacterial growth 
on agar slants lysed the area of the growth where streaked. 

DISCUSSION 

The aging of Xanthomonas pruni bacteriophage in suspension (lysed 
culture filtrate) for 20 years exceeds the 12-year aging period reported for 
Bacterium stewarti bacteriophage in sealed tubes at room temperature (9). 
However, this survival period of a bacterial virus is surpassed by the re¬ 
ported 52-year survival of a plant virus (tobacco mosaic virus), in dry to¬ 
bacco-leaf tissues stored at room temperature (4). 
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The specificity of the Xanthomonas pruni bacteriophage offers a con¬ 
venient phage-lysis technique for the identification of X, pruni. With 
other bacteriophages the technique has been successfully demonstrated for 
plant pathogens, Erwinia amylovora and two strains of Aplanohacter stew- 
arti (7). Since X, pruni phage is stable at room temperature and ap¬ 
parently specific in its lysis, the phage-lysis technique is of considerable 
utility in the general routine identification of the bacterium and the diag¬ 
nosis of plant diseases caused by this organism. Once the phage is pre¬ 
pared for storage the technique is simple and does not require expensive 
or complicated equipment or any special skill. For such use samples of 
10 ® titer bacteriophage have been stored. 

The size of the particles assumed to be Xanthomonas pruni bacterio¬ 
phage is of the same order of magnitude as some other phages when de¬ 
termined by electron microscopy (2, 5). By ultrafiltration, however, 
the X, pruni phage has been reported to be 11 in diameter (10). This 
estimated size was calculated from the smallest membrane pores (33.84 ni/x 
diameter) through which the phage passed. The filtrate secured through 
these membranes did not cause lysis upon its initial addition to young cul¬ 
tures but required a subsequent transfer in a young culture before lysis 
occurred. At that time this was considered to mean that the phage was 
not in sufScient concentration in these filtrates to bring about visible lysis 
when originally added to a young culture. Lysis from original inoculum 
occurred with filtrates obtained through membranes with pore diameters 
as small as 68.32 m/u. (10). If this is taken as the end point in filtration, 
the calculated size of the phage would be 53 m/x which agrees with the size 
of particles recognized by electron microscopy. The 11-m/x size approxi¬ 
mates the smaller dimension of the phage “tails.'' The results from ultra¬ 
filtration and electron microscopy suggest (a) that the appendage is re¬ 
movable from the particle, (b) that the ultrafiltration through 33.84-m/x 
pores permitted only the appendages to pass, and (c) that these appen¬ 
dages after a period of association with the proliferating host cells then 
become the complete and specific bacteriophage. The suggestion that the 
appendage may contain the specificity portion of bacteriophage is further 
supported by the fact (a) that phages or their precursors require an asso¬ 
ciation with a given organism through a series of transfers in order to be¬ 
come demonstrable (6, 8, 9), (b) that some particles* assumed to be X, pruni 
bacteriophage in the electron micrographs, are without appendages, and 
(c) that specificity of a phage is related to the host on which it is propa¬ 
gated from its common origin (6, 8, 9). Furthermore, the orientation of 
adsorbed particles on bacterial cells appear to be with appendage toward 
the cell as is also suggested by some of the adsorbed particles in the elec¬ 
tron micrographs of Escherichia coli bacteriophage (5) when enlargement 
prints are examined. However, drawn illustrations show the adsorbed ori¬ 
entation with the appendage away from the cell (3). 
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SUMMARY 

Xanthomonas pruni bacteriophage remained viable for 20 years in 
sealed tubes at room temperature in darkness. 

The bacteriophage titer was increased to 10 

The bacteriophage is specific for Xanthomonas pruni. 

The particles assumed to be bacteriophage are about 50 m/i. in diameter. 
Some particles appear to have an appendage about 10 by 100 m/i and 
resemble the T3 and T7 Escherichia coli bacteriophage particles. 

Illinois Agricultural Experiment Station 
Urbana, Illinois 
and 

Oklahoma A. and M. College, 

Stillwater, Oklahoma 
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REPORT AND ABSTRACTS OF THE THIRTIETH ANNUAL MEET¬ 
ING OF THE PACIFIC DIVISION OF THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 

The 30th annual meeting of the Pacific Division of The American Phytopathological 
Society was held at the University, of California, Berkeley, California, June 22-25, in 
conjunction with the meeting of the Pacific Division of the A.A.A.S. Approximately 
100 persons attended the meetings. Arizona, British Columbia, California, Hawaii, 
Oregon, Utah, and Washington were represented. Thirty-five papers were presented on 
June 22 and 23. A field trip to the east and south of the Bay region on June 24 pro¬ 
vided a survey of a wide variety of diseases. Four discussion sessions were held Fri¬ 
day morning, June 25. Topics were: Control Measures for Plant Viruses,'^ ^‘Prob¬ 
lems in the Identification and Classification of Fungi, ^ “ Recent Developments in 

Chemical Control of Plant Diseases, * * and ‘ ‘ The Role of Plant Breeding in the Control 
of Plant Diseases.’* Presentation of six papers in a joint session with the American 
Society of Plant Physiologists and Botanical Society of America on ‘ ‘ Biology of Fungi * * 
concluded the program on Friday afternoon. 

At the business session June 23 the following officers were elected for the calendar 
year 1949: 

President: George W. Fischer 
Vice-president: Wm. C. Snyder 

Secretary-Treasurer : George A. Zentmyer (2 year term) 

Councilor: L. C. Cochran (2 year term) 

ABSTRACTS OF PAP^.RS PRESENTED AT THE MEETING 

Effects of amino-acridine derivatives on tissues of potato (Solanum tuberosum), 
Alpen, E., Jean Duprenoy, and W. D. Kumler. Discs punched out of the tubers of 
various genotypes of Solanum tuberosum were immersed in a shallow layer of solutions 
of amino acridine derivatives of concentrations ranging from 0.0004 M to 0.001 M. 
The relative “cytotoxicity” of the various compounds was evaluated in terms of the 
number of days or weeks during which the discs remained whole and sound, of the rate 
of formation of cicatrization layer at the cut surface, of the proportion of cells retain¬ 
ing the property of actively adsorbing vital dyes in their vacuolar solution, and last, 
of the rate of amylolysij and the fate of amyloplasts and mitochondria. 

Susceptibility of some citrus species and other plants to the citrus-root nematode, 
Tylenchulus semipenetrans. Baines, R. C., O. F. Clarke, and W. P. Bitters. In 
the field under conditions of general natural infestation of the citrus-root nematode 
{Tylenchulus semipenetrans) roots of the following were found to be infested moder¬ 
ately to severely: Citrus aurantium (29 varieties), C, aurantifolia, C, celebica var. 
southwicTcii, C, grandis (8 varieties), C. hystrix, C, ichangensis, C, limon (10 varieties), 
C. medica, C. paradisi (5 varieties), C. reticulata (6 varieties), C. sinensis (18 varie¬ 
ties), C, tiawanica, Atalantia citroides, Fortunella sp.. Microcitrus australasica, Micro¬ 
citrus australasica var. sanguinea; the following hybrids— C, aurantifolia x F. sp., C, 
ichangensisxC. grandis, C, limon xC. paradisi, C. macropteraxC, reticulata, C. reticu¬ 
lata xC. grandis, C, reticulata xC. sinensis, C, sinensis xPoncirus trifoliata, C. tachi- 
banaxC, reticulata, CitrangexC. sinensis, P. trifoliata xG, limon, P. trifoliata xC, 
paradisi, P. trifoliata x C, sinensis x F, sp. Roots of the following were free from this 
nematode: Balsamocitrus dawei, Clausena lansium, Murraya paniculata and Severinia 
buxifolia. Three of 20 P. trifoliata also were free from the citrus-root nematode. The 
resistant plants may be valuable in developing nematode-resistant rootstocks for citrus. 

A leaf and twig blight of California laurel, TJmbellulari-a Californica Nutt, Barrett, 
J. T. A leaf and twig blight of the California laurel has been observed on the Berke¬ 
ley campus for the past fifteen years. Many trees are slightly infected, others severely, 
and a few have been removed because of the disease. Infection by the pathogen, a 
species of Macrophoma, takes place mainly in the leaf tips from water drops carrying 
spores, and through the stomata which occur only on the dorsal side. From the leaf 
the fungus enters the twig which soon dies. If on a branch or limb, a canker may 
result and continue to develop two or more years. Tests have shown that infection 
may result within 48 hours after spores are placed on uninjured leaves and young 
shoots. Inoculation of young shoots of genera related to the laurel, such as Persea 
grdtissima, Persea india, Persea lingue, Cryptocarya mierri, and camphor showed all to 
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be mildly susceptible. A number of unrelated forms subject to attack of Macrophomas 
were resistant to the laurel pathogen. All attempts to find in nature or to induce in 
culture a perfect stage have, to date, failed. 

Some conditions contributing to the development and germination of oospores in 
the genus Phytophthora. Baerett, J. T. In a previous report (Phytopath. 38: 2) 
the production of oospores by pairing species and strains of Phytophthora was reported 
by the writer. Similar results have been attained by pairing male and female strains 
of phytophthora drechsleri with several isolanta of P. palmivora, which demonstrate 
sexual compatibility between these two species and confirm some results of previous 
workers that two sex strains occur in the latter species. Oospores resulting from cross¬ 
ing the two sex strains of P. drechsleri have geen germinated, and 22 cultures from as 
many oospores have been established. No oospores have been found in any of these 
single cultures but when backcrossed with the two parents, 14 reacted with the male 
parent only, and six with the female only. In each case an abundance of oospores re¬ 
sulted. Oospores resulting from crossing two isolants of P. infestans, one from potato 
and one from tomato, with the female P. infestans, were also germinated, but only one 
culture from them has as yet been established. When backcrossed with the female 
drechsleri parent this culture produced an abundance of oospores, but none when 
mixed with the male strain. 

Soil disinfestation in citrus orchards against armillaria root rot. Bliss, Donald 

E. Armillaria mellea was found to a depth of 9 feet in sour-orange roots. Treat¬ 
ments with carbon disuldde were made in nearly undisturbed orchard soils containing 
artificially inoculated citrus root segments, 15 to 57 mm. diam. and 17 cm. long, planted 
at 1-foot intervals in vertical series 8 or 10 feet deep. Culture tests were made after 
75 or 98 days. Charges of CSa, applied at 18-incb, staggered intervals, killed armillaria 
in roots as follows: In coarse sandy loam near Azusa, California, 59 ml. at 1 foot 
killed from 1 to 7 feet, inclusive; 118 ml. at 1 foot killed from 1 to 8 feet; and 118 
ml. at 6 feet killed from 3 to 10 feet. Near Bivera, in fine sandy loam underlaid with 
a clay-bearing substratum (5 to 6 feet) and sand, 44 ml. at 1 foot killed from 1 to 3 
feet; and both 59 and 88 ml. at 1 foot killed from 1 to 5 feet. Surface charges failed 
to penetrate the clay substratum, deep charges being required. Armillaria remained 
viable in nontreated roots. Trichoderma viride developed in 54 to 100 per cent of cul¬ 
tures from treated roots, but in only 25 per cent from nontreated roots. 

Exosporina branch blight of grapefruit in southern California. Calavan, E. C., and 
J. M. Wallace. A branch blight of Marsh grapefruit was observed in November, 
1945, in the Coachella and Imperial valleys of California. The withered branches con¬ 
tained spores of a toruloid fungus beneath the loosened periderm and frequently were 
associated with an anomalous form of trunk and branch gumming, with psorosis, or 
with both. Although confined principally to the smaller branches, blight lesions occa¬ 
sionally extended down primary branches to the trunk. The disease appeared to be 
more severe on weak trees than on healthy ones. Isolates of the fungus appeared 
nearly identical to isolates of Exosporina fawcetti Wilson from walnut. Ninety wound 
inocidations with pure cultures of E. fawcetti (from grapefruit) in April and July, 
1947, on Marsh grapefruit trunks, branches, and twigs produced lesions in all cases. 
Forty-eight check wounds healed rapidly without infection. The fungus was easily re¬ 
coverable from these inoculations as late as May, 1948. 

Differences in susceptibility of lemon strains to dry bark. Calavan, E. C., and 

F. A. White. Apparent differences in susceptibility of certain lemon strains to dry 
bark were observed in a few orchards in 1946, but the determination of resistant and 
susceptibile selections has been retarded by the general lack of detailed source records 
for most diseased plantings. Becent surveys in cooperation with Citrus Field Besearch, 
Inc., of Santa Barbara County, California, involving 15 nursery strains for a total of 
3,917 trees in 8 orchards where careful records had been kept, revealed marked differ¬ 
ences in the amounts of dry bark present in various strains. Six of the 15 strains 
were entirely free from dry bark, whereas the other 9 strains broke down in percen¬ 
tages ranging from 7 to 73 per cent. The 9 susceptible strains developed dry bark in 
all orchards where they were known to be planted. Tree susceptibility in the orchards 
studied (age 9 to 16 years) showed no important relationship to age, variety (Eureka 
and Lisbon), or rootstock. 

Effects of various chemicals as growth-regulators. Carlo, P., Jean Dupebnot, and 
Peter Sah. Various compounds endowed with marked fungistatic activity and notably 
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Vitamin K 5 synthesized at the College of Pharmacy, XJ. C. Medical Center, San Fran¬ 
cisco, have' been demonstrated to show properties of growth-regulating hormones at con¬ 
centrations ranging from 1 to 100 p.p.m. Their effect on the rooting of cuttings or on 
the germination of seeds was also studied in the jjresence of dithobiuret, which^ by 
itself has remarkable growth-regulating properties. 

Mutation in hean rust uredosporea in cold storage. Dundas, B. Uredospores of' 
a number of forms of bean rust produced on detached bean leaves in Petri dishes col¬ 
lected during the summer of 1946 were subject to varying temperatures before being 
placed in storage at 0° P. in the fall of that year. When taken out in July, 1947, 
very few of the spores were viable, some collections giving no infection and the rest 
only a few pustules. Isolations from these pustules, tested on nine differential varie¬ 
ties, were in every case different from the form as stored, and in most cases different 
from previously described forms. Numerous isolates from a mixture of uredospores of 
15 pure forms yielded only eight forms, six of which were different from any previ¬ 
ously described. Since the unmixed uredospore collection of the other two forms 
yielded only mutant forms it is considered likely that these also may have been mutants, 
especially since both of these forms have come out as mutants from other pure forms. 
In all, nine mutant forms have been isolated. Mutation to the same form has occurred 
in several different forms and two or more mutants have been obtained from a single 
pure form. No consistent increase or decrease in virulence has been observed. 

V 

Disinfectant washes for the control of decay in apples and pears. English, Har¬ 
ley. Various disinfectant washes were tested for the control of blue mold {Penicillium 
expansum) and bull’s-eye rot (Gloeosporium perennans) of apples and gray mold rot 
{Botrytia cinerea) of pears, using punctured, inoculated fruit. Of the phenol deriva¬ 
tives tested, sodium chlororthophenyli-henate proved most effective whether used in a 
rinse or in an alkaline wash, reducing both blue and gray mold rots by 80 to 95 per 
cent. The thiocarbamates were ineffective against blue mold, but the soluble salts 
were highly effective against gray mold. Neither the phenol derivatives nor the thio¬ 
carbamates controlled buirs-eye rot. The quaternary ammonium compounds showed 
promise only in the control of bull ’s-eye rot. Alkyl dimethyl benzyl ammonium chloride 
was effective against the latter whether used in a final rinse or in an acid wash. With 
the exception of several mercury compounds, none of the other fungicides tested was so 
effective as sodium chlororthophenylphenate for the control of blue and gray mold rots. 
In semi-commercial tests with apples, sodium chlororthophenylphenate in a final rinse 
reduced decay 43 to 75 per cent. In similar tests with pears, the addition of this com¬ 
pound either to a final rinse or to the alkaline' wash reduced decay 65 to 86 per cent. 

The effect of particle sise and solubility of sulfur in carbon disulfide upon its 
toxicity to fungi. Feichtmeir, E. F. The influence of allotropic form, particle size, 
and type of grinding upon toxicity of sulfur toward fungi has been investigated using 
particle fize ranges of ±l\i. These narrow size ranges were separated by means of 
liquid sedimentation. The results are itemized. 1. With sulfur particles 1-2 p, in 
diameter the concentrations of CSj-insoluble and CSa-soluble sulfur, respectively, in p,g 
per ml. for 50 per cent reduction in germination or infection were as follows: for ger¬ 
mination of conidia of Sclerotinia fructicola —3.9 and 13, for germination of conidia 
of Eryaiphe graminis hordeii —0.6 and 2.1, for protection against Uromyces appendicu- 
latus —30 and 80, and for protection against E. polygoni —1.9 and 12. 2. The LD 50 

against conidia of 8 . fructicola for CSa-soluble sulfur particles of Ip, 3 p, 5 p, and 8 p 
radius decreased directly as the surface area per unit weight increased. 3 . Agglomera¬ 
tion reduced fun^cidal effectiveness. 4. Large particles remained toxic longer than 
small ones. 5. Micronized sulfur showed no greater innate toxicity than Eaymond mill 
ground sulfur. In addition, an amorphous form (particles approximately 2u in diam¬ 
eter) produced by evaporating an acetone solution of sulfur gave a high toxicity against 
conidia of 8. fructicola —LD 50 of 0.13 pg per sq. cm. 

Curly top of muakmelon. Giddings, N. J. 

A canker disease of figs. Hansen, H. N. A canker disease ot fig trees has been 
under investigation since late summer of 1947 when it was first observed in one of the 
highest producing orchards in California. The disease so far has been seen only on the 
variety White Adriatic and it appears to be confined to the older parts of trees since 
lesions have not been found on wood less than four years old. The younger cankers 
are rather inconspicuous and usually consist of a slight cracking of the outer bark. 
When scraping away the bark down to the cambium, one may find that a half-inch 
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crack on the surface often accompanies a six-inch canker at the cambium. Isolations 
from the margins of cankers consistently yielded a bacterial organism which when in¬ 
oculated into the cortex of six-year-old wood of a fig tree gave rise to typical cankers^ 
A similar disease occurs on fig trees in Italy where the causal organism is known as 
Bacterium ficu 

Compatibility and sex in Hypomyces solani f. cucurhitae. Hansen, H. N., and 
William 0. Snyder. This heterothallic fungus occurs in four sex forms: hermaphro¬ 
dites, females, males, and neuters. The compatibility group to which individuals of 
the above groups belong is determined by applying conidial suspensions of each of 
them to two tester strains, one known to be -f and the other -. If the individual pro¬ 
duces perithecia when mated with + it belongs in the - compatibility group and vice 
versa. The neuters, which are sexless and therefore unable to j)roduce perithecia when 
mated with the + and - tester strains nevertheless give a positive reaction in, that a 
conidial suspension of a neuter will completely inhibit trichogyne formation in one of 
them and not in the other. Neuter + will inhibit trichogyne formation in tester - and 
vice versa. Thus the factors for hetcrothallism + and - are aLso present in sexless fungi. 

Methods of inoculation of barley with the stripe disease, Helminthosporium gra- 
mineum. Houston, Byron R., and John W. Oswald. Numerous tests were con¬ 
ducted to determine a practical yet efficient method of inoculation of barley with the 
stripe disease fungus, Helminthosporium gramineum. Tests included spore suspensions 
applied to seed with and without vacuum, dried mycelial masses npplied to the seed, 
and germination of seed in contact with growing cultures. Only the latter method re¬ 
sulted in consistently high percentages of infections. This method consisted of placing 
dry barley seed on the surface of a four-day Petri dish agar culture, inverting a similar 
culture over the seed, and allowing the seed to germinate. Employing this method, 
twelve time intervals of inoculation (constant 12° C.) ranging from 24 to 120 hours 
showed at 24 hours, 53 per cent infection; at 48 hours, 86; at 60 hours, 94; and all 
over 60 hours a percentage infection over 94. Seed dried for 10 days following inocu¬ 
lation resulted in no significant difference in percentage of disease except for the 24- 
hour interval. Inoculations carried to the same degree of seed germination at six tem¬ 
peratures ranging from 6° to 30° C. resulted in a high percentage of disease at all 
temperatures. Planting date and prevailing temperatures had little effect upon percen¬ 
tage of disease. Best infection occurred with this method at 12° C. for 96 hours. 

A disease index for verticillium wilt of pepper. Kendrick, J. B. Jr., and John T. 
Middleton. Seedlings of Capsicum frutescens L. infected with Verticillium albo atrum 
Beinke and Berth, have a characteristic stunting which may be classified and analyzed 
statistically. Stunting of inoculated plants is caused by reduced growth of internodes 
not fully expanded at the time of infection. A disease index is derived by comparing 
the individual length of an infected plant with the mean length of noninfected plants. 
Measurements are taken at the time of inoculation and four weeks later, for both in¬ 
oculated and noninoculated plants. The difference represents the interim growth for 
four weeks of infection and normal expansion. The quotient computed by dividing the 
mean four-week growth of noninoculated plants by the same measuremeut of inocu¬ 
lated individual plants is the disease index. Relative severity is thus evident by the 
index, the greater the index the more severe the disease expression. This disease index 
is useful in a disease resistance breeding program where it is essential to preserve plants 
for subsequent hybridization and seed production. Confidence limits are established 
statistically for populations of noninoculated plants. Inoculated plants with an index 
within the confidence limits are regarded as highly resistant. Arbitrary classes may 
be established to include plants with different degrees of disease resistance. 

Observations on the effect of £,4-0 on citrus fruit-stem diebacTc. Klotz, L. J., 
and W. S. Stewart. Dying of fruit stems occurs generally throughout California citrus 
orchards and causes important losses of crop in certain sections. Dying starts near the 
fruit button and extends a few inches to as much as 3 feet up the stem. The fruit 
then wilts or drops. Cause of the trouble is attributed to adverse climatic and soil 
factors acting to modify the physiology of the tree. During periods of water stress, 
gums may form and interfere vdth subsequent transport of water. The same stimuli 
may incite maturation of the abscission layer. Affected stems are invaded by fungi 
and bacteria which play an important secondary role in killing the stems after the iTii fifll 
injury. The chemical. 2,4-dichlorophenoxyacetic acid, applied in May and June, has 
been found to delay abscission and fruit drop, and to reduce fruit-stem dieback as much 
as 80 to 90 per cent. 
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Control of citrus brown rot, gummosis, and rind oil spotting by long exposures to 
low, moist heat, Klotz, L. J., and H. D. Evans. The development of phytophthora 
brown rot in inoculated lemons, incubated 12 to 72 hours at 45®, 55® or 65® P., was 
stopped by an 18-hour exposure to air at 105® P., and 70 per cent to 96 per cent rela¬ 
tive humidity. At 65® P. the fungus produced brown rot spots inch in diameter 
after 48 hours, and ^ inch spots after 72 hours incubation, making the fruit unfit for 
use even though the heat treatment checked further development of the decay. All the 
other lemons used in the experiments had no blemishes. The treated fruit following 4 
minutes’ immersion in soda ash (If per cent)“Soap (J- per cent) solution at 120® P. 
or water at 120® P. did not develop rind oil spots. Budded lemon trees on sweet stock 
can tolerate a wet bulb temperature of 98® P. for 25 hours, an exposure lethal to the 
gummosis fungi. 

Effects of combining fungicidal treatments and coating of seeds, Leach, L. D. 
Tests were conducted in both pasteurized and Pythium infested soil to determine the 
effects of coating and incorporation of fungicides on emergence and infection of seed¬ 
lings. In most cases, the coating of tomato seeds resulted in a slight delay of emer¬ 
gence, but did not reduce the number of seedlings. Coating alone reduced pre- and post¬ 
emergence infection, but the addition of fungicides such as Arasan (tetramethyl thi- 
uram disulfide) and Phygon (2,3-dichloro-l,4-naphthoquinone) increased protection. 
The delay of emergence following coating of tomato seed previously treated with HgCl 2 
or New Improved Ceresan (ethyl mercury phosphate) dip, was greater than the addi¬ 
tive delays from coating and treating separately. The inclusion of organic mercury 
compounds in the coating, resulted in reduced and retarded emergence. With processed 
sugar beet seed a neutral reaction of the coating was most favorable for emergence, 
but an acid reaction enhanced protection. Coating alone provided about half as much 
protection against Pythium infection as Arasan or Phygon in the coating material. 
Coating onion seed with or without Arasan at a dosage of 5 per cent of the seed weiglit, 
neither reduced nor delayed emergence. However, emergence was delayed by 50 i)er cent 
when Arasan at 75 per cent of the seed weight, was included in the coating for smut 
control. 

Attraction of the vascular bundles for dodder haustoria in healthy and curly top 
infected beet petioles. Lackey, Charles P. Comparisons are made between dodder 
haustoria and beet leafhopper stylets in their ability to go directly to the vascular 
bundles of the beet petiole. Both go directly to the bundles in the majority of cases 
and can turn to a bundle when continuation in the original direction would have i)assed 
it. Neith r dodder nor leafhopper will penetrate very deeply on the upper side of the 
petiole in tissue well away from the vascular bundles. Neither one will live long with¬ 
out vascular contact. Bennett (Jour. Agr. Res. 48: 665-701) showed that in 46 per 
cent of the cases the leafhopper stylets went directly to the bundles, 46 per cent started 
toward bundles but did not go deeply enough, and only 8 per cent were on the concave 
side of the petiole in tissue well away from the bundles. In healthy beet petioles the 
dodder went directly to the bundles in 97 per cent of the cases and missed in only 3 
per cent. These data suggest a similar attraction of the vascular bundles for both 
the leafhoppers and dodder. In curly-top infected petioles only 53 per cent of the 
haustoria went directly to the bundles and in 47 per cent they missed the bundles or 
did not go deep enough. No studies regarding the effect of curly top infection on the 
feeding of the beet leafhopper have been reported. 

Studies on the chemotherapy of potato virus diseases. Locke, Seth B. Treat¬ 
ment of a hill of leafroll-infected Netted Gem potatoes with 0.2 per cent 2,4-dichloro- 
phenoxyacetic acid resulted in the complete masking of symptoms in the new growth 
produced after treatment, and also in the first vegetative generation of plants grown 
from the tubers of the treated plant. Grafts made at intervals from the first vegeta¬ 
tive generation progeny of the treated plant to healthy plants showed no transmission 
at first, and later, increasing proportions of transmission up to 100 per cent. Symp¬ 
tom development was slower in the earlier transmissions and more rapid in the 
later ones relative to rate of symptom development following transmission from non- 
treated leafroll infected plants. These results are interpreted as indicating a reduction 
in amount of active virus in the treated plants and not merely masking of symptoms. 
Beinoculation of first generation, vegetative progeny of the treated plant by grafting 
mth scions from non-treated leafroll plants failed to induce symptom development. 
This may indicate that amounts of the active chemical sufficient to inhibit virus multi¬ 
plication were present in the plants at the time of reinoculation. 
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Pythium wilt of Phaseolus, Pisum, and Vigna. Middleton, John T., and W. C. 
Snydee. Pythium wilt of bean, pea, and cowpea is characterized by a light brown, 
watersoaked discoloration of the stem, usually i to i inch wide, originating at the 
ground level and progressing upwards 6 to 12 inches, followed shortly by a conspicuous 
unilateral wilting of the plant. Susceptible hosts are most subject to infection with 
the advent of flower production. The disease is caused by several species of Pythium: 
P. aphanidermatum, P. deharyanum, P. irregularc, P. oligandrum, P. splendens, and 
P. ultimum. Varieties of Phaaeolus vulgaris found naturally infected include: Ken¬ 
tucky Wonder, Bod Kidney, Small White, Standard Pink, Small White Lima, and Ven¬ 
tura Lima. Varieties of Pisum sativum found naturally infected are: Alderman, Little 
Marvel, and Progress. Several varieties of Vigna sinensis have been found naturally 
infected. In California the disease is encountered wherever susceptible hosts are grown, 
but perhaps is more commonly noted in the Salinas and lower San Joaquin valleys. 
Although several Pythium spp. are concerned, P. ultimum is generally responsible for 
causing the disease in coastal areas, while both P. ultimum and P. aphanidermatum 
cause the malady in the interior. 

A late-hreaMng virus disease of potatoes. Milbrath, J. A., and W. H. English. 
An unusual graft-transmitted idrus disease of iiotatoes has been found in Oregon. 
Plants grow normally until late in the season and then they become off-color, the stems 
stand erect, aerial tubers develop in nearly every leaf aril, and the leaves became 
yellowed and rolled. Plants affected with acute symptoms remain small, yellowed, and 
have thickened nodes and aerial tubers. Outstanding points w'hich differentiate this 
disease are as follows: it is tuber perpetuated for at least three generations; normal¬ 
appearing plants from infected tubers develop symptoms late in the season as plants 
reach full size; tubers are reduced in size, normal in number, and without internal 
symptoms; tubers from an infected hill may produce normal plants, weak plants, and 
plants with severe or mild symptoms; a single tuber cut in several pieces may produce 
plants which also show this variation in syrnfitom developmcnl;. This combination of 
symptom expressions does not fit any other virus disease associated with potatoes. 

Araenite injury to grape canes through leaf scars. Nelson, K. E., and Wm. B. 
Hewitt. Sodium arsenitc applied as a dormant spray to the canes, arms, and trunks 
of Thompson seedless vines (Vitis vinifera L.), on dry soil plots, caused appreciable 
injury as evidenced by bud killing and sharply defined necrotic areas in the xylem 
tissue below the leaf scar. Vines in a wet soil plot had only minor xylem injury with 
little bud killing. Vines sprayed only on the arms and trunks, had considerably less 
injury, it being confined chiefly to the buds at the bases of the canes. Histological 
study showed that the leaf scar periderm was formed before leaf fall. Most of the 
vessels of the leaf traces in scars collected in December after leaf fall were open with 
no covering over the broken ends and little to no wound gum within the vessels. Some 
of the leaf scar traces collected in January were partially plugged and the remainder 
entirely plugged with gum. By February, plugging of the leaf scar traces was com¬ 
plete. A study of damaged buds indicated the sodium arsenite penetrated to the xylem 
tissue through the vessels of the leaf trace. From there, necrosis extended downward as 
far as four inches below the leaf scar and also upward into the bud. 

The influence of fungicidal dusts upon the rooting of cypress and tamarix cuttings, 
Newton, Wm. In the propagation of Cypress and Tamarix by cuttings, the loss of 
cuttings is greatly diminished by the simple practice of dipping the bases of the cut¬ 
tings into dry Fermate (ferric dimethyl dithiocarbamate). This practice is more effec¬ 
tive in the promoting of rooting and survival than a one-hour immersion in a solution 
of naphthalene acetic acid which contains 10 p.p.m. The inclusion of a trace of naph¬ 
thalene acetic acid with Fermate and other fungicides had little significant effect upon 
the cuttings. 

Leaf roll, net necrosis, and stem end browning in Netted Gem potatoes in California. 
Oswald, John W., and James B, Kendrick. Leaf roll is very serious in Netted Gem 
potatoes because current season infection markedly reduces yield and causes net necrosis 
in the tubers. Beduction in yield is directly proportional to the severity of plant symp¬ 
toms. In addition to net necrosis, Netted Gem potatoes develop stem end browning. 
Tuber indexing showed net necrosis was definitely associated with leaf roll, whereas, item 
end browning was not. Tubers from 90-day-old plants had only a trace of net necrosis, 
but after six weeks’ cellar storage (about 45* F.) and cold storage at 36* F., showed 23 
and 5 per cent respectively. Mature tubers harvested after killing frost, showed 40-50 
per cent net necrosis and 10-15 per cent stem end browning with no subsequent increase 
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in either disease in either cellar or cold storaffc. Tubers from 90*day-old plants showed 
no stem end browning and subsecpicntly developed very little in either type of storage, 
indicating the conditions bringing this about occurred between early and normal harvest. 
Rolling, removing, and killing plants before and after frost had little effect on the de¬ 
velopment of either type of browning. Stem end browning is definitely more severe on 
muck soils (39.3 per cent) than on sandy soils (4.6 per cent). 

Sieve-tube necrosis^ an early symptom of collapsing and declining lemon trees. 
Schneider, Henry. Forty-two apparently healthy 14-ycar-old lemon trees budded on 
grapefruit stock exhibited necrosis of part or all of the sieve tubes just above the bud 
union in May, 1947. At i inch and 6 inches above the union, necrosis was less extensive 
or absent, and none was observed below the union. The phloem of scaffold branches find 
twigs was usually normal. Starch, which was abundant in the wood of the roots of most 
of the trees in May, 1947, subsequently disappeared in most of them. By May, 1948, 
many of the trees exhibited yellowing of the leaves and partial defoliation; the fruit 
ripened prematurely and was of small size; and the more severely affected trees had 
failed to make a growth flush. The results indicate that necrosis of sieve tubes is an 
early symptom which causes starvation of the roots, which usually causes top symptoms 
similar to those of lemon decline, and occasionally causes a collapse of trees. In six other 
orchards on grapefruit stock and in one on sweet orange stock, observed over a shorter 
time, similar symptonls have been observed; but in two of the orchards only a few trees 
were affected. New phloem was present in trees that had collapsed or declined and then 
recovered. 

Inheritance of spotted-wilt resistance in tomato. Smith, Paul G., and M. W. 
Gardner. A high level of resistance to spotted-wilt in tomato has been demonstrated in 
the Red Currant tomato (Lycopcrsicon pimpinellifolium) under conditions of field in¬ 
fection, but it is su8cei)tible when artificially inoculated. German Sugar, a variety of 
L, esculentum, is moderately resistant to field infection. Hybrids with Red Currant and 
the cultivated tomato have yielded lines with an intermediate level of resistance. These 
remain comparatively free of spotted-wilt under moderate epidemic conditions, but are 
badly diseased under severe epidemic conditions. The Red Currant level of resistance 
has not been recovered in any of its progeny, and no evidence of simple Mendelian 
inheritance of resistance has been observed. Hybrids of German Sugar and the 
commercial varieties yield F, and Fj populations intermediate in resistance. In back 
crosses of the F, to the resistant parent, the G.erman Sugar level of resistance was not 
recovered. The back cross of the F, to the susceptible parent yielded a level of resistance 
intermediate between them. Again no evidence of Mendelian segregation was observed. 
The reaction of the resistant and partially resistant varieties varies markedly in different 
years and localities, the causes of which arc not clear. 

Diseases of Guar (Cyamopsis psoraloides). Streets, R. B. Guar has been grown 
in the Southwest in recent years as a summer green-manure crop and for the monogalactan 
gum of the seeds. No severe losses from plant diseases have occurred in Arizona or else¬ 
where, but 14 diseases and injuries, some more conspicuous than injurious, have been 
recorded. The branched Mesa variety is highly resistant to two diseases, root-knot caused 
by Heterodera marioni, and root rot caused by Phymatotrichum omnivorumu The un¬ 
branched, early-maturing Texsel variety is moderately susceptible to root rot, but resistant 
to Sclerotium rot. Some losses occur from Fusarium and Rhizoctonia root rots, and 
Sclerotium rolfsii is injurious in wet soils. Mosaic caused losses of seed yield up to 50 
per cent in 1943 but has not reappeared. Alternaria leaf spot is the only common foliage 
disease and may cause more or less defoliation in years of greater than normal rainfall and 
humidity. Many plants of unbranched varieties are stunted and finally die from an 
injury, of unknown cause, to the growing point when the plants are 6 to 18 inches high. 
Two diseases reported elsewhere have not been observed in Arizona: lethal virus (Okla¬ 
homa) and powdery mildew (India). Five minor diseases not mentioned above have been 
observed. 

Profitable use of root-rot-infested irrigated land. Streets, R. B. Cost analyses 
have been made on seven rotations with cotton or flax as the principal cash crop in com¬ 
parison with continuous cotton on root-rot-infested irrigated land for the years 1944-47, 
inclusive. To the normal cost of growing the crops was added the expense for materials 
and labor used in different treatments and rotations. The average per acre profits for 
the replicated plots for 1946 and 1947 were computed, as the effects of treatment and 
rotation are cumulative. Root rot, caused by Phymatotrichum omnivorumf was re¬ 
duced in varying amounts, but not eliminated from the plots, but the net returns per 
acre were increased. The rotations in ranking order of profit (1946-47 averaged) 
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were as follows; (1) barley, ^:uar for se.'d, sulphur and nitrogen, cotton (two-year 
rotation); (2) winter legume for green manure, cotton; (3) manure in furrows under 
cotton rows; (4) early guar for seed, flax; (5) guar for green manure, flax; (6) 
manure in furrows plus sulphur and nitrogen; (7) sesbania for green manure, flax; and 
(8) continuous cotton. Rotations 3 and 0 require too much labor and expense for 
materials to bo useful in general practice. 

The effect of temperature on the taxonomic charactern of VerficilHum alho atrum 
Jtke. et Bert. Wilhelm, Stephen. A temperature difference of C. within the 

growing range (10°-31‘» C.) of Verticillium albo-nfrum Rke. et Bert, may produce in this 
fungus marked differences in cultural appearance and in morphological characters, par¬ 
ticularly of the resting stages. Colonies grow at low temperatures (10^-22® C.) or during 
the winter at Berkeley, California, are jet black and growth eon8ist.s almost entirely of 
thick microsclerotial crusts. At higher temperatures (25“-31‘’ C.) or during the summer 
at Berkeley, colonies are creamy white and have only sparse development of microsclerotia. 
Thus the resting structures of this fungus, in particular the microsclerotia, and colony 
appearance are not reliable characters upon which to separate species. Colonies grown 
at low temperatures answer to the concept of F. Bahliae Kleb. as interpreted by Van der 
Meer and Keyworth and to the Niger group of F. Dahliae as described by Berkeley. Only 
the wild type or conidial constituent of F. alho atrum respond as described to temperature, 
the stable white mycelial variants being unaffected. 

A dwarfing virus disease of hramhlr fruits. Wilhelm, Stephen, IT. E. Thomas, and 
I). D. Jensen. A graft transmissible disease of bramble fruits, serious in California 
mainly in the Logan variety, is proven to be of virus nature. Diseased Logans are char¬ 
acterized by marked dwarfing of cane growth, weak development of fruit laterals, down¬ 
ward cupping and yellow-bronze coloring of the leaves, premature reddening in the fall, 
and precocious development of basal buds giving plants, late in the season, a bunchy 
appearance. Plants are slow to start in the spring, and when d^eased a year or more are 
unproductive. The varieties and species of blackberry related genetically to the Logan, 
i.e.. Mammoth, Cory's Thornless, and Phenomenal, and the Pacific Coast trailing black¬ 
berry (JCuhus vrsinus Cham. & Schlecht.) are readily graft inoculated and all but the last 
affected severely. Less severe symptoms are produced in the varieties Boysen, Young, and 
Nectar. In these varieties the disease has not been identified in the field. Preliminary 
tests with raspberry indicate that it may act as a symptomless carrier. The disease 
was produced in Logan when inarched to the wild Pacific Coast trailing blackberry in 
5 out of 35 trials, indicating that this wild blackberry harbors the virus. 

Belafion of temperaUire and moisture to the effectiveness of sodium pentachloro- 
phenate as an eradicant spray against Sclerotinia laxa. Wilson, E. E. Measurable 
eradicative action by a sodium pentachlorophenate spray preparation used against sporo- 
dochium-borne conidia of Sclerotinia laxa on almond twigs, >vas not detected during the 
short period required for the spray to dry on the twig, or during dry weather. Continuous 
wotting of the twigs was more favorable to eradicative action than intermittant wetting; 
the percentage mortality of conidia on sprayed twigs increased progressively as the period 
of moisture continued for eight days. Heavy rains not only checked destruction of 
conidia by the spray, but allowed new sporodochia to develop. Mortality of sporodochium- 
borne conidia receiving the sodium pentachlorophenate spray rose with successive increases 
of temperature between 7® and 30° C. Apparently this rise in mortality was occasioned 
by an increased eradicative action of the spray and not by high temperature since ex¬ 
posure of conidia to 24° and 30° C. did not materially affect their subsequent germin- 
ability. In the field such high temperatures did not occur, the range being from about 
5° to*13° C. Within this range, development of sporodochia and the consequent produc¬ 
tion of conidia on untreated twigs increased rapidly with increased temperature. In a 
similar manner temperature affected the development of sporodochia on treated twigs 
that had been exposed to a considerable amount of rain after treatment with sodium 
pentachlorophenate. 

Apricot jacket rot. Yarwood, C. E. This disease, also called green rot, calyx rot, 
and blossom rot, is caused by Sclerotinia sclerotiorum, Botrytis ctnerea, Monilinia laxa, 
and Monilinia fructicola, the fungi probably being of importance in this order. Infection 
starts in the senescent calyx, but may invade the enclosed or contiguous young fruit and 
cause it to rot and then drop. One or the other of the first two fungi have been regularly 
present in normal almond and apricot blossoms in all localities explored from 1943 to 
1948 but have caused loss only during prolonged periods of wet weather. Fruit rot by 
the three genera can be distinguished by the color of the rot (being darkest witli 
Monilinia and palest with Sclerotinia) and by the characteristic aerial mycelium or sporo- 
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phores produced after incubating specimens in a moist chamber. In Berkeley the 
Botrytis has predominated, and jacket rot caused by Sclerotinia has not been found with 
certainty, while in the Winters and Hollister areas the Sclerotinia has predominated. 
Jacket rot caused by Sclerotinia or Botrytis and the twig phase of brown rot caused by 
Monilinia laxa have been controlled by an application of 0.2 per cent Fermate (ferric 
dimethyl dithiocarbamate) plus spreader at full bloom. 

Germ tube growth of some obligate parasites on agar media, Yarwood, C. E. On 
washed non-nutrient agar at 22° C. the sporangia of Peronospora destructor produced 
unbranched germ tubes about 500p, long and then ceased growth. With the addition of 
2 per cent sucrose, 0.05 per cent glycine, 0.05 per cent calcium glycerophosphate, 0.02 per 
cent dipotassium phosphate, 0.01 per cent histidine, 0.004 per cent glutathione, and 0.001 
per cent disodium alpha tocopherol phosphate to the agar, branched germ tubes averaging 
about 2600p, with a maximum of 7000u have resulted in 4 days. Differences in growth 
on controls and on test media have been greatest at 25° C., though the optimum for the 
organism is about 16° C. On non-nutrient agar at 16° C., germ tubes of the conidia of 
Erysiphe graminis from barley grew to about 44 |li in 2 days, while on agar to which 
sucrose. Tween 60 (a polyoxyalkaline derivative of sorbitan monostearate), and disodium 
alpha tocopherol phosphate had been added the germ tubes averaged about 280p. with a 
maximum of 650p,. On non-nutrient agar at 20° C. the germ tubes of thinly-seeded 
uredospores of Uromyces phaseoli from bean averaged 390p,, while on agar to which 
sucrose, potassium permanganate, disodium alpha tocopherol phosphate, and glutamic 
acid had been added the germ tubes averaged about lOOOp. 

Western X-disease of Montmorency cherry and its relation to bucTcslcin of sweet cherry. 
Zeller, S. M., and J. A. Milbrath. Montmorency cherry trees infected with ‘kittle 
cherry * ^ bear small green fruits that ripen late. The disease transmitted to sweet cherry 
causes buckskin disease and transmitted to peach trees causes Western X-disease. A 
table of 54 cross transmissions of Western X-disease of peach, red-leafed chokecherry 
disease, and the ‘Mittle cherryfound in Montmorency cherry and several sweet cherry 
varieties in Wasco county, Oregon, indicates that all of these diseases are caused by the 
same virus, or that the infected trees contain the Western X-disease virus. The symptoms 
of this disease of sweet cherry look the same as those of the buckskin disease of sweet 
cherry in Green Valley, California. On the other hand, the disease in Oregon has not 
been demonstrated to react to Mazzard and Mahaleb rootstocks as reported by Kawlins 
and Parker for the buckskin disease of cherry in California. 
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Zinc Dimethyldithiocarhamate (Zerlate or Karbam White)y A Promis¬ 
ing Fungicide for Pecan Scab Control. —^Home-made Bordeaux mixture, 
even after more than 30 years of investigations, has been the cheapest and 
most satisfactory fungicide for the control of pecan scab (Cladosporium ef- 
fusum (Wint.) Demaree), a disease of major importance in the pecan in¬ 
dustry. In 1946, tests^ made on the Moore variety indicated that 3 lb. 
Coppet A or Permate per 100 gal. would control this disease, under con¬ 
ditions of moderate infection, as well as would low-lime Bordeaux mixture. 
Prom tests made at the U. S. Pecan Pield Station, Robson, La., in 1946, 
Ralph H. Sharpe reports® that zinc dimethyldithiocarhamate (Zerlate) con¬ 
trolled pecan scab on the Schley and Pabst varieties, with a smaller build¬ 
up in the black pecan aphis (Melanocallis caryaefoliae (Davis)) population, 
as well as did low-lime Bordeaux mixture. 

In 1947, tests using 2-100 Zerlate in comparison with Bordeaux mixture, 
each of them with and without Dupont spreader-sticker, were made by the 
writer to control scab on the Schley variety at Albany, Ga. The spray 
materials were applied as follows; 

Pirst application: When the first leaves formed were half grown and 
before pollination, 2-100 Zerlate or 4-1-100 Bordeaux mixture was applied. 

Second application: An application of 2-100 Zerlate or 6-2-100 Bor¬ 
deaux mixture was made soon after pollination was complete, or when the 
tips of the small nuts had turned brown. 

Third and fourth applications: The third spray application was made 
about 3 to 4 weeks after the second, and the fourth about 3 to 4 weeks after 
the third, 2-100 Zerlate or 6-2-100 Bordeaux mixture being used for each. 

The results of these spray tests are given in table 1. 

TABLE 1.— A comparison of one yearns spraying results with Zerlate and with 
Bordeaux mixture to control pecan scab. Schley variety planted 10 trees per acre. 
Albany^ Georgia^ 1947 


Treatment 

No. of 
trees 
per test 

Yield in 
lb. per 
tree 

No. nuts 
per lb. 

Percentage 
of kernel 
in the nuts 

4 applications, Zerlate 2-100 .. . . 

9 

34 

55 

63 

4 applications, Zerlate 2-100 plus 1 
qt. Dupont spreader sticker . 

9 

30 

57 

61 

1 application 4-1-100 Bordeaux mix¬ 
ture followed by 3 applications 
6-2-100 Bordeaux mixture . 

9 

40 

60 

60 

1 application 4-1-100 Bordeaux mix¬ 
ture followed by 3 applications of 
6-2-100 Bordeaux mixture plus 1 

9 

32 

63 

57 

qt. Dupont spreader-sticker . 

Check, no spray . 

9 

1 

88 

51 


1 Cole, John R. A comparison of home made Bordeaux mixture with other J!ungi- 
cides for control of scab on the Schley and Moore varieties of pecans. Phytopath. 
38: lOe-109. 1948. 

* Correspondence with Ralph H. Sharpe, formerly assistant pomologist, IT. S. Pecan 
Field Station, Robson, Louisiana; also.personal observation by the writer. 
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Both Bordeaux mixture and Zerlate controlled the scab disease (Fig. 1). 
Although the trees sprayed with Bordeaux mixture produced the greatest 
number of pounds of nuts, the Zerlate-sprayed trees produced the heaviest 
individual nuts, as well as the highest percentage of kernel in the nuts. 
This would indicate that the Bordeaux-sprayed trees had a heavier set of 
nuts to begin with than those that were sprayed with Zerlate, since there 
was no evidence that early applications of the Zerlate spray were injurious 
to the pistillate flowers. All treatments gave outstandingly higher yields 
of nuts per tree as well as higher percentages of kernel in the nuts than 
were obtained from the unsprayed trees. Likewise, the yield of nuts per 
tree was reduced and the nuts were somewhat lighter in the treatments in 



Fig. 1. Clusters of Schley pecan nuts. A. Received 4 applications of 2-100 Zerlate 
and are free of scab and of No. 1 quality. B. Received one prcpollination spray of 
4-1-100 Bordeaux mixture and 3 applications of 6-2-100 Bordeaux mixture. Free of 
scab and of No. 1 quality. C. Received no spray. Scab has made these nuts unmarket¬ 
able. All photographed in October, 1947. 

which the spreader-sticker was used, which indicates that this material may 
have been detrimental. 

The foliage was a healthier green on the Zerlate-sprayed trees during 
the late summer and early fall than on either the Bordeaux-sprayed trees 
or the unsprayed checks. This color may have been caused by the absorp¬ 
tion of zinc which is an ingredient of Zerlate, although the trees have not 
shown any visible signs of rosette, a zinc deficiency disease. 

The infestation of black aphis was not a serious factor in this spray test, 
even on the Bordeaux-sprayed trees. There were fewer aphids on trees 
that were sprayed with Zerlate,* however, than on those that were sprayed 
with Bordeaux mixture. There was a greater build-up of the black aphis 
population on both the Bordeaux-sprayed and the Zerlate-sprayed trees 
than there was on the unsprayed checks.— John R. Cole, U. S. Department 
of Agriculture^ Pecan Field Laboratory, Albany, Georgia. 

Sori of Vvocystis glo^dioli on Gladiolus Corm Scales .—Previously pub¬ 
lished illustrations of the smut disease of gladiolus, Urocystis gladioli W. Q. 
Smith, are confined to drawings and a photograph of the spore balls. This 
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name haa been cited so j?enerall.v as Urocystis gladioli (Req.) W. G. Smith 
that attention should be called to Mason's explanation' that the correct form 
is Urocystis gladioli W. G. Smith. Ramsbottom^ accepts Mason's citation, 
and Linder® cites it in the same manner. Linder also offers evidence that 
Requien's fungus, Uredo gladioli^ is a synonym of Puccinia gladioli Cast. 



Fig. 1. Fragment of diseased corm showing decomposed cells, spiral vessels, crystals, 
and compound fungus spores, Urocystis gladioli^ x200. (After Smiths*®.) 

The first illustration of Urocystis gladioli appeared in 1876 in the Gar¬ 
dener's Chronicle* with the original description of the species. Similar 
figures were also published by Smith® in the Monthly Microscopical Journal 
in the same year. Figures of the spore balls by Cooke® were later published 

1 Mason, E. W. New species and old, Trans. Brit. Mycol. Soc. 26; 433—434. 1942. 

2 Ramsbottom, J. Conclusions and prospects. Trans. Brit. Mycol. Soc. 26: 436— 
439. 1942. 

8 Linder, David H. Note. Mycologia 34; 398—399. 1942. 

4 Smith, W. G. The gladiolus disease. Gard. Chron. (n.s.) 6; 420-422, 2 figp. 1876. 

5 Smith, W. G. The gladiolus disease. Monthly Microsc. Jour. 16; 304-311, pi. 163, 
164 a, b. 1876. 

• « Cooke, M. C. Pests of the flower garden. Jour. Roy. Hort. Soc. 27; 369-406, pi. 5, 
flg. 94. 1902. 
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in the Journal of the Royal Horticultural Society, ana more recently a 
photograph by Hotson appeared in Mycologia.^ These papers do not in¬ 
clude an illustration of sori on the host, although Smith’s figure 84, a 




Fig. 2. A. Gladiolus corm scales bearing sori of Urooystis gladioli, x2 1/2. B, Two 
gladiolus eorms bearing smut sori, x 2. C. Spore balls of U, gladioli, x 680. 

photograph of which appears here as figure 1, shows scattered spore balls 
on the host tissue. 

7 Hotson, H. H. The morphological distinction between Urooystis gladioli and Pa- 
pulaspora gladioli. Mycologia 34: 62-58, fig. 1, 2. 1942. 
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Smith stated that there was a difference of opinion as to the injury 
caused by this smut, but van Poeteren® reported that in 1924 it was the 
cause of a serious disease of gladiolus in The Netherlands. It seems desir¬ 
able, therefore, that American horticulturists and plant pathologists should 
become acquainted with the appearance of this smut in order that an intro¬ 
duction of the disease into the United States might be promptly recognized. 

The photographs in figure 2 are of infected corms of gladiolus found 
in a shipment from Hillegom, Holland, at the Bureau of Entomology and 
Plant Quarantine inspection house at Hoboken, New Jersey, by P. E. Gray¬ 
son on April 15, 1947. 

The unbroken sori are roughly oval with the longer axis parallel with 
the nerves of the scale except when several sori become confiuent (Pig. 2, 
A and B), The surface is roughened in parallel ridges which appear to be 
metamorphosed scale nerves. The grayish, lead color of the sori is little 
different from that of the healthy scale. Several sori in the figures appear 
too dark, but others are shown correctly (Pig. 2, a in A and B). The sori 
are usually raised slightly above the surface of the scale as low blisters. 
Those found on this material measure 4.5-6.5 by 1-5 mm., and are about 
0.5 mm. thick. Two spore balls and a part of a third are shown in figure 
2, C. 

Grateful acknowledgment is made to John A. Stevenson, of the Bureau 
of Plant Industry, Soils, and Agricultural Engineering, for advice in regard 
to the taxonomy of this fungus; to W. H. Wheeler, of the Bureau of Ento¬ 
mology and Plant Quarantine, for the photograph of Smith’s figure and for 
assistance in obtaining bibliographical material; and to the Gardener’s 
Chronicle Limited for permission to reproduce Smith’s figure.— Donald P. 
Limber, Bureau of Entomology and Plant Quarantine, Agricultural Re¬ 
search Administration, United States Department of Agriculture, Hoboken, 
New Jersey. 

Cases of Scab on Violet and Pansy in Marylamd ,^—The extreme destruc¬ 
tiveness of violet scab (Sphaceloma violae Jenkins) on cultivated and wild 
violets has become of greater moment as more and more instances of harm 
or loss from its attack have become known.* Transfer of affected plants 

8 Poeteren, N. van. Verslag over de werkzaamheden van den Plantenziektenkundigen 
Dienst in het Jaar 1924. Verslag. en Meded. Plantenziektenkund. Dienst Wageningen 
No. 41, 62 pp. 1925. 

1 Scientific Article No. A 197. Contribution No. 2111 of the Maryland Agricultural 
Experiment Station. 

This is an elaboration of our unpublished note “A case of violet scab on pansy,*' 
presented (by Jehle) at the meeting of the Potomac Division, American Phytopathologi- 
cal Society, Bureau of Plant Industry Station, Beltsville, Maryland, on Feb. 11, 1948. 
Thanks are extended to Dr. W. F. Jeffers and to Mr. R. L. Taylor who made the photo¬ 
graphs as acknowledged in figure 1. 

8 Noble, R. J. Notes on plant diseases recorded in New South Wales for the year 
ending 30th June, 1938. Internat. Jour. Plant Protect. 13: 25M-26M. 1939. 

Smith, C. E., and A. G. Plakidas. Plant pests and problems. Home gardening for 
the South 6: 491. 1946. 

Thaxter, K. Scab in a Connecticut violet collection with notes of varietal reaction. 
U. S. Dept. Agr., Plant Dis. Reptr. 29: 410-411. 1945. 

Whetzel, H. H. The scab disease of violets. U. S. Dept. Agr., Plant Dis. Reptr. 
28: 769-770. 1944. 
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without knowledge that they were diseased doubtless has been an impor¬ 
tant factor in spreading the pathogen from locality to locality. Fortu¬ 
nately the disease is still absent in many places within its reported range 
in the United States.^' * In the region of the District of Columbia, how¬ 
ever, whence comes the earliest available record (1897-1899),^ it is more or 
less widely distributed.®' ° 

In summarizing the distribution of the disease in Maryland, Walker 
et al.^ referred to an occurrence in 1936 on cultivated violets in a small 
commercial greenhouse in Maryland. This had come to the attention of 
Dr. Mark Woods, then of the University of Maryland, soon after the orig¬ 
inal publication by Massey and Jenkins,’^ on the disease. Because of this, 
Dr. Woods requested that Jenkins verify his diagnosis. 

Further data relative to this case of violet scab are as follows: In 
autumn, 1935, plants of the varieties “Freys Fragrant’’ and “Princess of 
Wales” were purchased from a northern violet grower. They were full 
grown and diseased when received. When advice was sought several 
months later, most of the plants were practically ruined. A few of the 
less severely infected ones were removed from the greenhouse and planted 
outside. 

These details were furnished recently by the grower® who again re¬ 
quested advice of the University of Maryland on a disease that was ravag¬ 
ing her pansy seedlings in autumn, 1947. Jehle visited the premises 
October 14. 

The variety of pansy being grown was “Oregon Giant.” The seed¬ 
lings, from home-grown seed sown on August 3, occupied one and a half 
frames (3x6 ft.). Seedlings on the 'more elevated ground at the edge of 
the frames became diseased first and had been removed several weeks be¬ 
fore Jehle’s visit. By this time, practically all plants in the frames were 
affected and many were severely stunted (Fig. 1, A-C; D, a and h, and E). 
The disease was clearly violet scab. 

Her two pansy beds had been “disease ridden” in the spring of 1947 
the grower told us. Before transplanting she had noticed that a few 
seedlings in the frames were unhealthy. She recalled, too, that about five 
years ago, when she was growing pansies under glass, this same trouble 
had been present. In earlier years, happily, this pansy grower appears to 
have been spared losses resulting from this cause. 

3 Jenkins, A. E. ‘‘Oedema’’ or “wart” of cultivated violet identified as scab. 
Jour. Wash. Acad. Sci. 34: 352-357. 1944. 

^Jenkins, A. E., and A. A. Bitancourt. Spot anthracnoses in the United States 
and some island possessions. U. S. Dept. Agr., Plant Dis. Reptr. 31: 114r-117. 1947. 

5 Jenkins, A. E. Unusual collections of destructive fungi on plaintain and violet 
in the District of Columbia area. U. S. Dept. Agr., Plant Dis. Reptr. 24: 370-372. 1940. 

3 Walker, E. A., R. A. Jehle, and A. E. Jenkins. Violet scab widely distributed in 
Maryland. IT. S. Dept. Agr., Plant Dis. Reptr. 30: 471-474. 1946. 

7 Massey, L. M., and A. E. Jenkins. Scab of violet caused by Sphaceloma, Cornell 
Univ. A^. Exp. Sta. Mem. 170, 9 p., 1935. 

3 Miss Sophia Grodzicka, to whom acknowledgment is made for her painstaking 
cooperation in furnishing these and other facts pertaining to her violet and pansy culture 
since 1928. 




Fio. 1. A-C, D, a and h, and E, Growth of pansy seedlings affected by pansy 
scab, leaf surfaces in A, chiefly lower; D, a, upper and D, b, lower leaf surface. A-C 
and E| X 2; D, a and h, x 1; E, x 2. 

• D, o, d, e, and F. Scab on petioles (D, o, d, e), and lower (D, d and F) and upper 
(D, ^>) leaf surfaces of wild violets growing on same property as the pansies. D, o-e, 
X 1 ; F, X 2 ; D, photograph of dry pressed specimens by B. Tj. Taylor, the others of 
fre^ specimens by W. F. Jeffers. 
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The scab fungus could well have been transferred to her pansies from 
affected violets on the premises. Last autumn (1947) wild violet volun¬ 
teers growing near the pansies, along paths leading to them, and elsewhere 
on the premises were abundantly diseased (Fig. 1, D, c-e, and P). 

In their inoculation experiments more than a decade ago, Massey and 
Jenkins {loc. cit.) proved the susceptibility of pansy as well as cultivated 
and wild violets. No data were available on the natural occurrence of the 
disease on pansy, but a few instances have since been reported.® The re¬ 
cent severe cases of scab of pansy and violet growing in close proximity 
obviously afford implications of economic significance.— R. A. Jehle, Uni¬ 
versity of Maryland, College Park, Md. and Anna E. Jenkins, U. S. De¬ 
partment of Agriculture, Beltsville, Md. 


A Convenient Method for Isolating Slaw-growing Pathogenic Fungi 
from Plant Tissues .—^While studying the scab of camellias, a method was 
employed which proved to be very useful and convenient for isolating not 
only the fungus causing camellia scab but also for other slow-growing 
pathogenic fungi on other hosts (Table 1). The writer does not claim 
originality for this method but believes that it should be more generally 
used in pathological work. It represents a modification of the method de¬ 
scribed by BitancourU which was originally brought to the plant pathology 
laboratory of Louisiana State University by his colleague, S. C. Arruda,^ 
while doing graduate work. As originally described by Bitancourt, the 
method consisted of cutting free hand (approx. 0.5x0.3x0.02 mm.) sec¬ 
tions of plant tissue through the lesion, or, more specifically, through the 
fruiting body of the pathogen with the aid of a dissecting microscope, and 
transferring these to agar drops on glass slides kept in humid atmosphere 
in Petri dishes. After a suitable period (24-48 hours) the sections on 
the agar drops were examined with the microscope, and those showing 
growth of what appeared to be Sphaceloma were transferred to plates (ir 
tubes. 

The modification made by the writer consisted of placing the tissue 
sections on hanging drops of agar on cover slips suspended on glass rings 
in a moist chamber, instead of on slides.^ This modification eliminates, 
to some extent, the danger of contamination as it provides a separate sealed 
chamber for each agar drop. A tissue section can be examined with the 
microscope through the glass cover slip as long as seems necessary without 
the risk of contamination from the air. 


» Jenkins, A. E. Additional records of violet scab. U. 8. Dept. Airr., Plant Dis. 
Reptr. 22; 86—88. 1938. Cf. also Whetzel, footnote 2. 

1 Bitancourt, A. A., and Anna E. Jenkins. Ciclo evolutive de Elsinoe australis 
Bitanc^rt & Jenkins, agente da verrugose da laranja doce. Arq. Inst. Biol. 8. Paulo 

10 1 1a17—140. 1«7u9. 


2 Arruda, 8. 0. Sphaceloma diseases of camellia and other plants. Thesis, deposited 
in library, Louisiana State University. 1942. 

1017-I02l”^ 1928 ^ ^ simple apparatus for isolating single spores. Phytopath. 18: 
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Seven or eight holes are cut in two layers of filter paper of a size to 
fit the bottom of a 15-mm. Petri dish. Glass rings are placed over the 
holes and cover slips on the glass rings. The dishes thus prepared are 
sterilized dry in an autoclave. After the dishes have cooled, drops of 
melted agar are placed on the cover slips and enough sterile water poured 
into the dish to wet the filter paper. It is essential to wet the filter paper 
almost immediately after the agar drops have been deposited on the cover 
slips in order to prevent drying of the agar during the subsequent opera¬ 
tions. Carrot agar^ has been commonly used, but other media can be used. 
Bitancourt and Arruda used potato-dextrose agar, and the writer has also 
used potato-dextrose and oatmeal agars with success. 


TABLE 1.— Examples of successful isolaiion of slow-growing fungus pathogens "by 
placing thin sections of diseased plant parts on hanging agar drops 


Kind of material 

No. of 
sections 
plated 

Pure cul¬ 
tures of 
desired 
pathogen 

Various 

other 

fungi 

Bacteria 

No 

growth 

A. Camellia scab {Sphaceloma sp.) 

1. Black spot type. 

20 

6 

7 

0 

7 

2. Angular spot type. 

37 

16 

9 

1 

11 

3. Zonate spot type 

21 

12 

6 

0 

3 

4. Corky excrescence 

215 

52 

75 

3 

85 

B. Chinese holly scab {Sphaceloma sp.) 

1. Black spot on leaves 83 

8 

19 

0 

56 

2. Old leaf distorting lesion 

20 

6 

9 

0 

5 

3. Young do 

35 

12 

9 

0 

14 

4. Lesions on shoots . . 

49 

23 

22 

1 

3 

5. Lesions on berries . . 

40 

9 

18 

0 

13 

C. Dewberry anthracnose {Elsinoe 

vencta), lesions on canes. 

40 

6 

3 

1 

30 

D. Strawberry scorch (Diplocarpon 

earliana) . 

51 

30 

7 

4 

10 

E. Stra\Vberry leaf-spot 

{Mycosphaerella fragariae) . 

49 

8 

0 

1 

40 

Total . 

660 

188 

184 

11 

277 


Materials (leaves, stems, berries) were washed thoroughly with a brush 
in running water, dipped in calcium hypochlorite solution for 1 to 2 min¬ 
utes, and, without rinsing, dried between layers of sterile filter paper. 
Then a small piece containing a lesion was placed in pith and clamped 
tightly in a screw clamp. With relatively rigid material, like leaves of 
camellia or holly, the piece to be sectioned was often allowed to project 
1 to 2 mm. above the pith thus lessening the chances of contamination from 
contact with the pith. Then, by holding the clamp with the left hand 
under the dissecting microscope, small slices of tissue (about 0.5 mm. x 
25 p.) were sectioned with a sharp razor blade and transferred by means of 
the transfer needle to the agar drops. The eover slips were then lifted 
* Approximately 300 gm. sliced carrots per liter of water, autoclaved for 20 minutes, 
strained through cotton, +20 gm. agar + 20 gm. sucrose. 
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with the forceps and reversed so that the agar drops hung within the glass 
ring. Precautions usually were taken to lessen the chances of contamina¬ 
tion by flaming the blade lightly before cutting the section and also the 
needle before transferring the section to the agar drop. Actually, these 
precautions did not appear to be necessary. In several instances, the ma¬ 
terial to be sectioned was washed but not surface-disinfected, and in others 
not even washed, yet practically no bacterial contaminations occurred. 
Apparently the small size of tissue used greatly minimized the probability 
of a bacterial cell being lodged on it. 

It was possible to examine the tissue pieces on the hanging drops with 
the microscope without exposing them to contamination and the develop¬ 
ment of the colonies was followed.’ By adding sterile water to the dish to 
prevent drying, the cultures were kept as long as desired. Usually, 48 
hours were sufficient for Sphaceloma colonies to be recognizable and ready 
for transfer.—A. G. Plakidas, Louisiana Agricultural Experiment Station, 
Baton Rouge, Louisiana. 

Local Lesions with Potato Virus Y.—In an attempt to find a satisfactory 
local lesion host for potato virus Y (Marmor upsilon Holmes),^ over a 
hundred plant species were tested for their reaction to mechanical inocula¬ 
tion with this virus. In general the plants were used after the older leaves 
had attained maximum size but before flowering had begun. The leaves 
were dusted lightly with 400-mesh carborundum and then rubbed with a 
gauze pad saturated with freshly expressed juice from a diseased Nicotiana 
glutinosa L. plant. Four new local lesion hosts were found, Chenopodium 
urlicum L., Physalis floridana Bydb.,^ Lycium halimifolium Mill., and L. 
chinense Mill. There is some doubt, however, as to whether or not the two 
species of Lycium are distinct from the L, harharum reported by Dennis^ as 
a local lesion test plant for virus Y. 

Pale green to whitish-yellow non-necrotic lesions appear on the inoculated 
leaves of Chenopodium uriicum 14-16 days following inoculation (Pig. 1, 
A). Distinct brown necrotic lesions develop on inoculated leaves of the 
Lycium species in about 10 days (Fig. 1, B). Infection is restricted to the 
inoculated leaves in both Lycium species and in C, urbicum. Small necrotic 
spots appear on inoculated leaves of Physalis floridana about 9-10 days fol¬ 
lowing inoculation (Fig. 1, C). The lesions enlarge and finally coalesce. 
At this stage the leaves show epinasty and begin to abscise acropetally. 
Concurrently, systemic symptoms appear, consisting of rugosity and ne¬ 
crotic spotting of the young leaves followed by leaf abscission. Lesions on 
inoculated leaves can be counted by about the 12th day. 

Vigna sinensis Endl.* and certain potato (Solanum tuberosum L.) varie- 

1 Potato veinbanding strain. Kindly supplied by E. S. Schultz. 

2 Identified by Dr. W. C. Muenscher. 

2 Dennis, R. W. G. A new test plant for potato virus Y. Nature 142: 154. 1938. 

* Chester, K. S. Serological evidence in plant virus classification. Phytopath. 25: 
686-701. 1935. 
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Fig. 1. Local lesions on leaves inoculated with potato virus Y. A. Chenopodium 
urhioum (xl). B. Lyoium halimifolium (xf), C. Physalis floridana (x^). D. U.S.D.A. 
potato seedling 41956 (xi). 

ties® and seedlings® have been reported as reacting to mechanical inoculation 
with potato virus Y by the formation of local lesions. In further tests, V. 

^Dykstra, T. P. A study of viruses infecting European and American varieties of 
the potato Solanum tuberosum. Phytopath. 29; 40-67. 1939. 

9 Hutton, E. M., and J. G. Bald. The relationship between necrosis and resistance to 
virus Y in the potato. 1. Greenhouse results. Jour. Coun. Sci. Indus. Res. (Aust.) 18; 
48-62. 1946. 
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sinensis, U.S.D.A. potato seedling 41956,^ Chenopodium urbicum, Physalis 
floridana, and Lycium halimifolium were compared as test plants for quanti¬ 
tative work with virus Y. Carborundum was used in all inoculations. No 
lesions were obtained on V. sinensis. The dilution curves obtained on each 
of the other test plants indicated that all four can be used for quantitative 
work. L, halimifolium was not included in subsequent tests because of its 
undesirable growth habits. Virus solutions differing in concentration by 
20 per cent generally gave a significant difference in number of lesions on 
P. floridana, C. urbicum, and the potato seedling when 48 or more leaves or 
half-leaves were inoculated with each solution. Modified half-leaf techniques 
were used with P. floridana and seedling 41956 and a randomized arrange¬ 
ment of the inoculated leaves with the other species. In these tests juice of 
diseased N, glutinosa plants was diluted 1-100 or 1-200 when P. floridana 
was inoculated and 1-25 or 1-50 when either of the other two was inoculated. 

Under most conditions Physalis floridana has prcrved to be the best of 
the local lesion plants tested. The leaves are well suited for the half-leaf 
technique. Plants react satisfactorily over a rather long period, beginning 
just prior to flowering and continuing until the leaves begin to yellow. 
Hence it is possible to use plants with as many as 16 large leaves. A given 
inoculum produces from 4 to 10 times as many lesions on P. floridana as on 
any of the other species. Juice of diseased Nicotiana glutinosa plants di¬ 
luted 1-100 will produce from 20 to 200 lesions per half-leaf. Scattered 
lesions are not infrequent at dilutions of 1-10,000. 

Physalis floridana cannot be used under all conditions. Necrotic lesions 
do not develop satisfactorily when the plants are held near 80° P. or above. 
Some strains of potato virus X {Annulus dubius Holmes) produce lesions 
on this species (also on Chenopodium urbicum and the Lycium species) 
similar to those caused by virus Y. Preliminary tests with potato seedling 
41956, which is immune from virus X, indicate that it may be useful not only 
for quantitative work with naturally infected potatoes (where virus X may 
be present) but also for indexing work. Juice of triturated shoots or sprouts 
from Y-infected potatoes, diluted 1-5 or 1-10, regularly caused the forma¬ 
tion of many lesions when rubbed on the leaves of this seedling. 

Other experiments showed that Physalis floridana can be used where 
virus X is present. Plants inoculated when young with a mild strain of 
virus X react to subsequent inoculation with virus Y by the formation of as 
many or more lesions than will corresponding healthy plants inoculated with 
virus Y. Mild strains of virus X produce no marked symptoms and protect 
the plant against all tested strains of virus X.—A. Prank Boss, Department 
of Plant Pathology, Cornell University, Ithaca, N. Y. 

Longevity of Fungus Cultures under Mineral Oil, —In 1946 the senior 
author^ reported on the two-year survival of Diplodia zeae, Oibberella zeae, 

7 Found to produce necrotic lesions following mechanical inoculation with virus Y 
(Fig. 1, D) by Dr. W. F. Mai. Personal communication, 1946. 

1 "Wemham, C. C. Mineral oil as a fungus culture preservative. Mycologia 38: 
691-692. 1946. ^ » 
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Helminthosporium maydis, and Nigrospora oryzae placed under mineral 
oil March 15, 1944. 

Since the appearance of this brief note Buell and Weston^ have re¬ 
viewed the pertinent literature and have presented considerable data per¬ 
taining to the preservation of a number of fungi on media submerged under 
mineral oil. In addition Edwards, Buell, and Weston^ have published data 
from which they deduce that the prolonged life, without transfer, of Sor- 
daria fimicola under mineral oil is due to a reduction in oxygen con¬ 
sumption. 

Although Henryk has reported good growth with unchanged morphol¬ 
ogy of seventeen wine yeasts held seven years under mineral oil, data 
on other fungi are not available for periods longer than three and one- 
half years. Little, too, is known about preservation of pathogenicity. 

On March 15, 1948, four years after treating them with mineral oil, 
the four maize pathogens^ were transferred to standard Difco potato- 
dextrose agar. The Diplodia culture had been used as a stock culture so 
frequently that only portions of the agar substrate could be transferred. 
Mycelium appeared to be wholly depleted: the other three cultures still 
yielded plenty of hyphal material for transfer. 

Within three days luxuriant growth of all but Diplodia had taken 
place. Within nine days two of four Diplodia transfers gave good cul¬ 
tures but the remaining two did not grow. These subeultures definitely 
establish a length of survival of four years. 

During the 1947 season Diplodia, Gibberella, and Helminthosporium 
maydis were tested for pathogenicity. All appeared to be actively patho¬ 
genic after three years under oil. 

Following the appearance of the original note in Mycologia, Dr. W. R. 
Goss, in correspondence, pointed out that he had used the mineral oil 
method but had found it unsatisfactory for pathogenic Phycomycetes held 
at room temperature. 

The junior author investigated the behavior of Phytophthora infestans 
which is used in this laboratory as a standard for testing fungicides. 
Forty-five cultures on Lima-bean agar were treated and held at 12° C. 
At the end of one year, only two were nonviable. Twenty-eight of the 
forty-three remaining ones were subcultured, and the twenty-eight original 
as well as the subculture tubes were held under mineral oil for an addi¬ 
tional year. Twenty of the two-year tube cultures survived; all of the 
one-year subcultures survived. Pathogenicity of the two-year survivors 
was reduced but not lost when tested on potatoes grown in the greenhouse. 

2 Buell, C. B. and Wm. H. Weston. Application of the nuneral oil conserration 
method to maintaining collections of fungus cultures. Amer. Jour. Bot. 34: 555-561. 
1947. 

3 Edwards, G. A., Caroline B. Buell, and Wm. H. Weston. The influence of mineral 
oil upon the oxygen consumption of Sordaria fimicola, Amer. Jour. Bot. 34; 5ol—555. 
1947. 

^ Henry, B. S. The viability of yeast cultures preserved under mineral oil. Jour. 
Bact. 54: 264. 1947. 
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Sclerotlnia fructicola and Venturia inaequalis have also been kept satis¬ 
factorily for two years without transfer but no test was made of patho¬ 
genicity.—C. C. Wernham and H. J. Miller, Department of Botany, The 
Pennsylvania State College. 

Curly Top of Muskmelon, —Severin^ reported finding muskmelon nat¬ 
urally infected with curly-top virus during 1925 and 1928. The disease 
has been destructive to the commercial crop in the west central and southern 
portions of the San Joaquin Valley of California during some seasons. It 
was also reported serious on the early plantings in the Salt River Valley 
area of Arizona during the 1947 season. 

Diseased plants in the cotyledon and the one or two-leaf stage (Fig. 1, A) 



Fig. 1 A. Curly-top diseased muskmelon plant from Arizona, with distorted leaves 
and prominent veins. B. Portion of a Persian melon plant from a commercial field near 
Murray, California, showing dwarfing and distortion as a result of curly-top infection. 

were sent by Orin A. Hills, Bureau of Entomology and Plant Quarantine, 
from Arizona about mid-April, 1947, and curly-top virus was recovered from 
them. Another shipment of plaAts from the same field was received about 
mid-June. These plants, with runners a foot or two long, were appreciably 
stunted and distorted, and curly-top virus was recovered from them. The 
melon commonly grown in this area of Arizona is known as the Mildew Re¬ 
sistant 45 and the plants tested were reported to be that variety. Diseased 
cantaloupe plants grown near Murray, California, were collected May 21, 
1947, by Dr. Eubanks Carsner, Division of Sugar Plant Investigations, 
Bureau of Plant Industry, Soils, and Agricultural Engineering. These 
1 Severin, H. H. P. Some host plants of curly top. Hilgardia 3: 339-384. 1928. 
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plants were infected by the curly-top virus and had runners one to two feet 
long. Plants of Persian melon from the same area were collected by Dr. 
Carsner August 13, 1947, and at the time were carrying mature melons 
although they were much dwarfed and distorted. Practically all plants in 
the field were reported as showing good curly-top symptoms (Figure IB). 

A few greenhouse inoculations of young melon plants made using one 
or two leafhoppers per plant resulted in a comparatively small percentage 
of infection, while greater numbers of leafhoppers gave a high percentage 
of infection. These results, and the fact that several plants escaped infection 
with the heavier inoculations, indicate that muskmelon seedlings are dis- 



Fig. 2. Mildew Kesistant 45 muskmelon variety. Two dwarfed plants are infected by 
curly-top virus strain 10 and large plant is not infected. Cotyledons on infected plants 
are light yellow. Photographed 23 days after inoculation. 


tinctly more resistant to curly-top infection than are young sugar beet 
plants. 

In order to learn more concerning the susceptibility of muskmelon 
varieties to curly top, greenhouse inoculations were made on plants of the 
following varieties: Eocky Ford, Tip Top, Honey Rock, Hearts of Gold, 
Japanese melon. Honey Dew, Cranshaw, Golden Beauty Improved Casaba, 
Golden Hybrid Casaba, Persian, Hale's Best 45, and variety 45 from four 
other sources. All were started in 6-inch pots but a few were transferred to 
10-inch pots to see the influence of greater opportunity for root grrwth. 
Most of the plants in each group were inoculated in the young cotyledon 
stage, using 15 to 20 leafhoppers to a group of three plants and a large 
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cage which covered all the plants. Some of each group were inoculated, 
using the small leaf cages with two or three leafhoppers to a cage and three 
or four cages on each plant. Infections were obtained equally well with 
both types of cages. Inoculations were made with virus strains 1, 2, 3, 4, 5, 
6, 8, 9 and 10, as well as some selections of curly-top virus from the field. 
Infection was obtained with each of the virus strains except 2 and 4. Only 
plants of the Gem variety were inoculated with strain 4. Numerous attempts 
to recover curly-top virus from plants inoculated with strains 2 and 4 gave 
negative results. This would indicate that the less virulent strains 2 and 4 
do not infect these melons. 

Although infection was rather general among the melon varieties, the 
apparent amount of injury differed greatly. Ten days to two weeks after 
inoculation there was distinct yellowing of the cotyledons on many of the 
plants (Pig. 2) in the four lots designated as “mildew resistant 45”, Hale’s 
Best 45, Honey Rock, Rocky Ford, and Hearts of Gold. Three weeks after 
inoculation the four lots of Mildew Resistant 45, Hale’s Best 45, and Honey 
Rock were easily grouped as the ones most severely injured, while the casabas 
and Cranshaw appeared to be least injured. A high percentage of the 
plants showing definite symptoms were severely dwarfed (Figure 2) and 
many of these died. Some infected plants lived for more than five months 
after inoculation and curly-top virus was readily obtained, five months 
after inoculation, from one dwarfed plant infected with strain 1. Most 
such plants died within two or three months. One plant infected with 
strain 10 virus grew quite normally and had a runner over ten feet long, 
but virus was readily obtained from it four months after inoculation. 
Nearly 200 tests were made from the different melon varieties to determine 
the presence of curly-top virus in them. 

It is clearly evident that the curly-top virus may induce serious injury 
in commercial plantings of muskmelons, and serious losses were reported 
for certain areas in the western San Joaquin Valley of California and the 
Salt River Valley of Arizona during 1947. Some of the evidence secured 
in greenhouse experiments suggests the possibility that there may be op¬ 
portunity for selection and breeding of muskmelon for resistance to curly- 
top.—N. J. GrooiNGs, Division of Sugar Plant Investigations, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, United States Department of Agriculture. 



A METHOD FOR MEASURING RESISTANCE TO DEFOLIATION 
DISEASES IN TOMATO AND OTHER LYCOPERSICON SPECIES^ 

Seth Barton Locke'-j.s 
(Accepted for publication May 31, 1948) 

INTRODUCTION 

Two defoliation diseases of tomato, namely, early blight caused by Al~ 
ternaria solani (A. and M.) Jones and Grout, and septoria leaf spot, caused 
by Septoria lycopersici Speg., are commonly destructive east of the Rocky 
mountains. Early in 1939, a project was undertaken at the Arkansas Agri¬ 
cultural Experiment Station which had for its goal the development of hor- 
ticulturally superior strains of tomato possessing resistance to these two dis¬ 
eases. As the first step toward this goal it was necessary to devise a tech¬ 
nique for accurately measuring resistance to the fungi in question. Vari¬ 
ous procedures have been used for this and similar purposes in the past. 

The literature contains numerous reports (1, 2, 5, 7, 9, 12, 13, 17, 19, 20) 
which compare tomato varieties exposed under field conditions to natural 
infection by the organisms named. These tests have not been entirely sat¬ 
isfactory because the principal environmental factors influencing infection 
and symptom expression were uncontrolled, and because several pathogens 
often attacked the plants simultaneously. Artificial inoculation with pure 
cultures of the pathogens under partially controlled conditions in the green¬ 
house or inoculation chambers (1, 3, 8, 10, 15) has overcome some of the 
difiSculties which are inherent in the field test. The procedure described 
here is of the latter type, and its distinctive features are (a) the use of de¬ 
tached leaf material for inoculation, (b) inoculation with pure cultures of 
the pathogens, and (c) evaluation of host reaction on the basis of lesion 
diameter. A preliminary report (11) on this procedure was made in De¬ 
cember, 1941. 

Extensive use of detached leaves has been made by others in studies in¬ 
volving obligate parasites and to a lesser extent with facultative parasites. 
A review of the literature on detached leaf culture including application to 
studies on susceptibility of hosts and virulence of pathogens has been pub¬ 
lished recently (21). Detached tomato leaflets were used by Douglas (6) to 
compare the response of tomato varieties to inoculation with an undeter¬ 
mined species of Alternaria. Bonde used a similar method to compare 
strains of A. solani with respect to virulence on potato. More recently 

1 Besearch Paper 862, Journal Series, University of Arkansas. Published with the 
permission of the Director of the Arkansas Agricultural Experiment Station. 

2 Formerly Assistant Plant Pathologist, Arkansas Agricultural Experiment Station, 
now Associate Plant Pathologist, Washington State College. 

8 The author is indebted to Dr. V. H. Young and other colleagues of the Department 
of Plant Pathology, University of Arkansas, and to Dr, W. H. Tharp and Joh*' C. 
Dunegan of the Bureau of Plant Industry for advice and criticism offered during the in¬ 
vestigation reported here and in the preparation of the manuscript; and to Dr, C. B. 
Wadleigh of the U. S. Salinity Laboratory, Riverside, California, for advice on statistical 
treatment of the data. 
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Wellman (18) reported that the use of excised tomato leaflets for comparing 
virulence of strains of A. solani on tomato was unsuccessful because of rapid 
breakdown of the tissues caused by secondary organisms. 

PROCEDURE 
Plant Material 

Plant material was selected for uniformity in age and absence of disease 
and insect injuries. The best results were obtained when young, vigorous 
plants, 8 to 10 inches tall, were used, but satisfactory results were also ob¬ 
tained with material from older plants, provided the plants were growing 
vigorously. The leaflets were taken from near the top of the plants, prefer¬ 
ence being given to leaves that were fully expanded but which still showed 
no signs of senescence. Usually the tliree apical leaflets of a leaf were 
taken but occasionally, where the leaflets were small, it was necessary to take 
five leaflets in order to provide space for the necessary number of inocula¬ 
tions. These were placed immediately in individual moist eliambers consist¬ 
ing of 10-cm. Petri dishes whose covers were lined with two layers of mois¬ 
tened filter paper. Care was taken to avoid wilting because wilted leaflets 
did not regain turgidity after being placed in the moist chambers. 

Cultures 

The pathogens were originally isolated from naturally infected tomato 
leaves by transferring single spores to potato-dextrose-agar plates, where 
the early stages of growth were observed under low magnification in order 
to make certain that no contaminants were present. Cultures of Septoria 
lycopersici appeared to be fairly stable with regard to cultural characteris¬ 
tics and virulence. Alternaria solani, when freshly isolated, on potato-dex¬ 
trose agar, produced the wine-red pigment described in the literature as 
characteristic of the species (4,14,16), but later gave rise to non-pigmented 
sectors. Only pigmented cultures were used for inoculum. Fresh isola¬ 
tions were made from naturally infected tomato foliage each season, and 
transfers were made only from pigmented sectors of the parent cultures. 
It has been shown that differences in virulence exist among different isolants 
of A, solani (18). However, this could not be a source of error in these 
tests because identical inocula were used for all comparisons between strains 
of the host plant. 

Alternaria solani was cultured on potato-dextrose-agar plates, a single 
planting being made at the center of the plate. Greatest uniformity of 
growth was obtained when the medium was rather deep (5 mm.). The cul¬ 
tures were kept at room temperature in diffused light until the growth had 
nearly covered the plate, when the cultures were ready for use in the prep¬ 
aration of inoculum. Septoria lycopersici pycnospores were planted thickly 
over the entire surface of potato-dextrose-agar slants. Numerous, compet¬ 
ing colonies developed and gave rise to an abundance of pycnidia and pyc- 
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nospores after from seven to eight days at room temperature in diffused 
light. 

Preparation of Inoculum 

Inoculum consisted of a suspension of pycnospores in the case of Septoria 
lycopersici and of mycelial fragments in the case of Alternaria solani.^ 
The A. solani inoculum was prepared by macerating an entire plate culture 
in 50 cc. of sterile soil extract"* in a mechanical blender (3). The iS. lyco¬ 
persici inoculum was prepared by flooding the surface of a slant culture 
with 10 cc. of sterile soil extract and agitating for a few minutes by rolling 
the tube between the hands. The resultant spore suspension was poured off 
and made up to 50 cc. with additional soil extract. 

Inoculation and Incubation 

Inoculation with mycelial or spore suspensions was accomplished by 
placing a droplet of the suspension on the lower surface of the tomato 
leaflet using a 3-mm. loop. A needle puncture was then made in the leaf 
tissue directly beneath the drop of inoculum. Inoculation without wound¬ 
ing often resulted in delayed infection, infection at several points around 
the periphery of the inoculum droplet, or in no infection. Wounding in¬ 
sured immediate and localized infection. The test is thus a measure of re¬ 
sistance to invasion as distinct from resistance to entry. 

Ten inoculations were made on the leaf material in each moist chamber. 
Each plant was represented by the leaf material in one moist chamber in 
each of five series of inoculations. Thus, there was a total of fifty inocula¬ 
tions for each plant included in the test. Inoculation of any one series was 
completed on the same day that it was started, but different series were fre¬ 
quently inoculated on different days. 

Inoculated leaflets were incubated at room temperature in diffused sun¬ 
light, for three days in the case of Alternaria solani, and for eight days in 
the case of Septoria lycopersici. Attempts to incubate the leaves in dark¬ 
ened chambers' under controlled temperature resulted in the leaves becom¬ 
ing etiolated and subject to rotting by other organisms. 

Evaluation of Host Response 

Evaluation of resistance or susceptibility was based upon the relative 
sizes of the lesions resulting from inoculation. Each lesion was compared 
with a graded series of circular spots having known diameters and ar¬ 
ranged for convenience along the edge of a card. The diameter of the cir¬ 
cular spot corresponding most closely in area to the lesion was recorded. 

4 In some of the early tests small, 2x2 mm., blocks were cut from the plate culture 
of A. solanif and these were used to inoculate the leaflets by placing them fungus-side- 
down on the lower surface of the leaflets. This procedure was later abandoned in favor 
of the less tedious use of the mycelial fragment suspension. 

5 The soil extract was prepared by shaking 500 gm. greenhouse compost with 1000 
cc. distilled water, allowing the soil to settle, decanting the clear extract, and making up 
to 1000 cc. with distilled water. Spores of A, solani and S, lycopersici germinated better 
in soil extract than in tap or distilled water. 
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In making comparisons the lesion was viewed from the upper surface of 
the leaflet, that is, from the side opposite the one on which the leaf was 
inoculated. In many cases the lesions were not circular, but it was never¬ 
theless a simple matter to select a standard spot having nearly the same 
area. Occasionally the leaflets became watersoaked beyond the area occu¬ 
pied by the lesion. By holding the leaflet before a strong light, the ap¬ 
proximate limits of the lesion could be determined. 

The basic data consisted of the averages of the diameters of the ten 
lesions in each of the moist chambers. Thus, there were five such mean 
lesion diameters for each plant in the test, one in each of five series. These 
were subjected to an analysis of variance in which the variabilities asso¬ 
ciated with series and with strains of plant material were segregated. 
The residual variability was used to estimate experimental error. This ex¬ 
perimental design is similar to the completely randomized block design 
commonly used in field experiments, the different inoculation series corre¬ 
sponding to the blocks in the field experiment. 

TABLE 1 .—Efficiency of the detached-leaf method for measuring resistance to Ah 
ternaria solani and Septoria lycopersici in Lycopersicon species 


Pathogen 

Material tested 

Strains — 

Me;m 

lesion 

diameter 

and test 

Species 

LDRSb 

Ho 

D/LDRSd 

Alternaria 

solani 


number 

mm. 

mm. 


2 

L,a esculentum 

9 

2.00 

2.74 

1.37 

4 

do 

11 

3.68 

1.88 

1.12 

2 

L. glandulosum 

5 

2.02 

2.06 

1.02 

2 

L, hirsutum 

7 

2.37 

4.34 

1.83 

4 

do 

8 

2.5’9 

3.60 

3.39 

2 

L. peruvianum 

8 

1.28 

2.40 

1.88 

4 

do 

12 

2.15 

2.16 

1.00 

2 

L. pinvpinellifolium 

22 

1.66 

2.34 

1.41 

4 

do 

20 

1.81 

1.86 

1.03 

5 

Tomato varieties 

15 

2.38 

3.64 

1.53 

6 

do 

35 

4.43 

5.46 

3.23 

7 

do 

15 

0.91 

1.32 

1.45 

8 

Septoria 

lycopersici 

do 

17 

1.91 

1.94 

1.02 

1 

L, esculentum 

8 

0.96 

1.42 

1.48 

3 

do 

9 

1.32 

3.18 

0.89 

1 

L. glandulosum 

5 

0.74 

1.02 

1.38 

1 

L. hirsutum 

7 

0.36 

1.72 

4.78 

3 

do 

7 

0.29 

0.40 

1.38 

1 

L. peruvianum 

11 

0.98 

1.24 

1.27 

3 

do 

11. 

1.96 

1.58 

0.81 

1 

L. pimpinellifolium 

16 

1.16 

1.92 

1.66 

3 

do 

18 

1.31 

2.18 

1.66 

1 

Tomato varieties 

6 

1.13 

0.82 

0.73 

3 

do 

6 

1.47 

1.78 

1.21 


» Lycopersicon, 

Least difference required for significance at odds of 19:1. 
c Greatest difference observed. 

^ Ratio of greatest observed difference to least difference required for sifirnificance 
at odds of 19:1. 
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DISCUSSION 

The procedure described has a number of advantages over field tests 
and many of the greenhouse and laboratory tests previously employed. 
Some of these are as follows: 

1. It provides for control of the important environmental factors which 
may influence the virulence of the pathogen and the reaction of the host. 

2. It enables the testing of host reaction to a single pathogen'or a 
single strain of the pathogen without the confusion resulting from the 
activities of additional pathogens as is often the case with field tests. 
Furthermore, it is possible to test individual host plants independently 
for reaction to two or more different pathogens. Very susceptible plants 
are not eliminated and are available for genetic studies or testing against 
other pathogens. 

3. The test is independent of such factors as growth habit and fruit 
load which affect the reactions of plants in field tests. 

4. The test measures physiologic rosistaneu to invasion irrespective of 
resistance to entry, and can be altered easily to give a measure of the latter. 

5. The use of lesion diameter as a measure of host reaction reduces the 
personal factor to a minimum and permits statistical treatment of the data. 

In the course of four years, this test has been applied to a wide range 
of plant material, including commercial tomato strains, o+her Lycopersicon 
species, and a Lycopersicon species-hybrid as well as some of its back- 
crossed and selfed progenies. Its use has facilitated the discovery of a 
source of practical resistance to both of the diseases in question, and it has 
aided progress toward the goal of incorporating genetic factors controlling 
such resistance into horticulturally superior tomato strains. Reference 
to table 1 will give the reader an indication of the magnitude of the differ¬ 
ences in mean lesion diameter obtained in representative tests and how they 
compare with the least differences required for significance. 

SUMMARY 

A laboratory test was devised for measuring the relative resistance or 
susceptibility of tomato strains and Lycopersicon species to two commonly 
destructive defoliation diseases, namely, early blight {Alternaria solani) 
and septoria leaf spot (Septoria lycopersici), 

The test makes use of artificial inoculation with pure cultures of the 
pathogens into detached leaflets which are then incubated in moist cham¬ 
bers. Evaluation of resistance or susceptibility is based upon lesion diam¬ 
eter attained during a uniform period of incubation. 

The test has proven sufficiently sensitive to show small but significant 
differences in susceptibility to these diseases among commercial tomato 
strains. It has been useful in the discovery of a source of practical re¬ 
sistance to early blight and septoria leaf spot and has aided in progress 
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toward incorporating genetic factors controlling this resistance into hor- 
ticulturally superior tomato strains. 

University of Arkansas, 

Fayetteville, Arkansas. 

LITERATURE CITED 

1. Alexander, L. J. Survey of tomato varieties for resistance to Scptoria leaf spot. 

Ohio Agr. Exp. Sta. Bui. 548: 32-33. 1935. 

2. Andes, J. O. Difference in susceptibility of tomato varieties to Sei)toria and 

Macrosporium leaf spots. (Abstr.) Phytopath. 29: 750. 1939. 

3. Andrus, C. E. Preiiaration of inoculum with a mechanical liquefier. Phytopath. 

31: 560-567. 1941. 

4. Bonde, R. Physiological strains of Alternaria solani. Phytoi)ath. 19: 533-548. 

1929. 

5. Coons, G. H., and E. Levin. The leaf spot disease of tomato. Mich. Agr. Exp. 

Sta. Spec. Bui. 81. 1917. 

6. Douglas, B. A new Alternaria spot of tomato(‘s in California. Phytopath. 12: 

146-148. 1922. 

7. Drain, B. C. Leaf spot resistant tomatoes. Tcnn. Agr. Exp. Sta. Kept. 52: 52—53. 

1939. 

8. Endrinal, D. M., and M. S. Celino. Septoria leaf .spot of tomato. Phillip. Agr. 

29: 593-610. 1940. 

9. Essary, S. H. Tomatoes. Tenn. Agr. Exp. Sta. Rept. 47: 15. 1934. 

10. Levin, E. The leaf-spot disease of tomato. Mich. Agr. Exp. Sta. Tech. Bui. 25. 
1916. 

n. Locke, S. B. Resistance in South American Lycopersicon species to early blight 
and Septoria blight. (Abstr.) Phytopath. 32: 12. 1942. 

12. Manns, T. F. Breeding and selection of tomatoes resistant to disease. Del. Agr. 

Exp. Sta. Bui. 214: 32-33. 1942. 

13. Muncie, j. H, Tomato leaf sjjot and experiments with its control. Pa. Agr. Exp. 

Sta. Bui. 177. 1922. 

14. Nightingale, Alice A. Temperature studies of some tomato pathogens. U. S. 

Dept. Agr., Tech. Bui. 520. 1936. 

15. Norton, J. B. S. Host limitations of Septoria lycopersici. (Abstr.) Phytopath. 

7: 65. 1917. 

16. Rands, R. D. Early blight of potato and related plants. Wise. Agr. Exp. Sta. Res. 

Bui. 42. 1917. 

17. Sherbakoff, C. D. Tomato wilt. Tenn. Agr. Exp. Sta. Rept. 51: 78, 80. 1938. 

18. Wellman, F. L. A technique to compare virulence of isolates of Alternaria solani 

on tomato leaflets. Phytopath. 33: 698-706. 1943. 

19. Whipple, O. C., and J. C. Walker. Seek better tomato varieties for Wisconsin. 

Wise. Agr. Exp. Sta. Bui. 443: 16-17. 1939. 

20. Wright, V. Resistance to defoliation disca.es in tomato. Purdue Agr. Exp. Sta. 

Rept. 1939: 57. 1939. 

21. Yarwood, C. E. Detached leaf culture. Bot. Rev. 12: 1-56. 1946. 



CONTROL OF COTTON WILT AND NEMATODES WITH A 
SOIL FUMIGANT^ 

A. L. SMITH2 

(Accepted for publication June 10, 1948) 

INTRODUCTION 

Cotton wilt caused by Fusarinm oxysporum f. vasinfectim (Atk.) 
Snyder and Hansen, which occurs widely in southeastern and south central 
United States, is usually controlled by planting resistant varieties. The 
root-knot nematode, Ueterodera marioni (Cornu) Goodey, is coinnioiily as¬ 
sociated with cotton wilt in light soils. It is generally recognized that 
cotton wilt tends to increase in the presence of root-knot nematode. Taylor 
and associates (5, 6) and Smith (2) have mentioned the meadow nematode, 
Pratylenchus pratensis de Man, as an important factor in increasing wilt 
and reducing yields. Subsccpient observations by the writer suggest that 
the meadow nematode is of considerable importance in fields where wilt 
becomes severe and where resistant varieties become wilted and stunted and 
do not produce satisfactorily. The present study is concerned with at¬ 
tempts to control this disease complex with a soil fumigant. Dowfume 
W-10'^ was used in all studies reported here. 

LITERATURE REVIEW 

The possibility of controlling the wilt-nematode complex was demon¬ 
strated by Taylor and associates (5, 6). In their studies made at Lum- 
berton. North Carolina, several varieties were compared on soil treated 
with carbon-disulphide and on non-treated soil. They found that the car¬ 
bon-disulphide treatment controlled nematodes sufficiently to enable vari¬ 
ous wilt-resistant and wilt-tolerant varieties of cotton to become established 
and grow satisfactorily. Only a moderate amount of wilt developed in 
treated plots. A parallel situation was reported by Young (7) with to¬ 
mato wilt. The application of 300-600 lb. chloropicrin per acre delayed 
the appearance of wilt symptoms 20-40 days and reduced the wilted plants 
to 7-10 per cent in the treated plots, while there were from 72 to 100 per 
cent wilted plants in non-treated plots. Godfrey (1) and several later 
investigators have demonstrated the fungicidal properties of chloropicrin. 
The fungicidal properties of ethylene dibromide used in the present study 

1 Cooperative investigations by the Division of Cotton and Other Fiber Crops and 
Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, U. S. Depart¬ 
ment of Agriculture and the Alabama and Georgia Agricultural Experiment Stations. 
Published with the approval of the Directors of the Alabama and Georgia Agricultural 
Experiment Stations. 

2 Pathologist, Division of Cotton and Other Fiber Crops and Diseases. The author 
acknowledges the assistance of Fred Schultz of the Alabama Station Staff, in conducting 
the field tests at Tallassee, Alabama. 

8 Dowfume W-10 contains approximately 10 per cent ethylene dibromide and 90 
per cent naphtha B. This material was furnished by the Dow Chemical Company, Mid¬ 
land, Michigan. 
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have not been thoroughly investigated, although Stark and associates (4) 
found ethylene dibromide ineffective in controlling damping-off of pea 
seedlings in greenhouse studies. 

FUMIGATION OF MODERATELY INFESTED SOIL 

In 1946, a test was run at Plains, Georgia. The soil was a Greenville 
sandy loam of low productivity with a moderate wilt, root-knot, and 
meadow nematode infestation. The fumigant was applied April 4 at the 
rate of 31 gallons per acre. The test consisted of 4 replications with rows 
70 feet long. The rows were 42 inches wide in all tests reported here. 
The fumigant was injected to a depth of 6 inches at points 18 inches apart. 
One line of injection points was placed directly in the row to be planted 
and these were staggered with a second line of points between the planted 
rows. A non-treated buffer row was included between treated and non- 
treated plots. Coker 4 in 1-7, a wilt-resistant and root-knot tolerant va¬ 
riety, was compared with Dcltapine 14, a variety susceptible to both wilt 
and root knot. Treated plots alternated with non-treated control plots. 

The plantings were made April 9 under favorable conditions. A slight 
phytocidal action of the Dowfume W-10 was apparent by the reduced num¬ 
ber of seedlings. The differences in emergence on treated and non-treated 
plots were not great. A satisfactory stand of Deltapine and a poor stand 
of Coker 4 in 1-7 were obtained. Wilt data were recorded by removing 
dead plants at intervals and by counting the remaining wilted plants and 
non-wilted plants at the end of the season. After picking the cotton, the 
roots were examined and root-knot indices determined according to the 
method described by Smith and Taylor (3).. The results arc shown in 
table 1. 

TABLE 1 .—The effect of soil treatment with Dowfume W-10 on the yield, percentage 
of wilt, and the root-knot index of cotton varieties grown at Plains, Georgia, in 1946 and 
at Tallassec, Alabama, in 1947 


Location and 
variety 


Treat¬ 

ment 

rate 

(Gal. per 
acre) 


Lint yield 
per acre (Lb.) 


Percent¬ 

age 

increase 
in yield 
from 


Wilted and 
dead plants 
(Per cent) 


Con.» Treated treatment Con. Treated 


Root-knot 

index 


Con. Treated 


Plains, Ga. 


Coker 4 in 1-7. 

31 

197 

281 

42 

2.6 

0.5 

50.2 

2.7 

Deltapine 14 . 

31 

162 

336, 

108 

21.3 

0.9 

96.8 

6.9 

Tallassee, Ala. 

Coker 4 in 1-7 . 

37.5 

367 

1067 

191 

52.7 

1.8 

95.7 

12.6 


12.5 

495 

963 

95 

37.7 

6.4 

91.1 

57.8 

Deltapine 14 . 

37.5 

64 

904 

1312 

96.8 

3.2 

100.0 

33.9 

Maretts C 4-8 .. 

12.5 

593 

942 

59 

16.4 

2.5 

90.0 

68.9 

Cook 142-10 . . . 

12.5 

465 

762 

64 

6.2 

3.3 

96.7 

70.8 

Dixie Triumph 366.. 

12.5 

392 

832 

112 

20.0 

3.3 

100.0 

89.7 

Miller 610 . 

12.5 

295 

862 

192 

63.9 

6.3 

100.0 

96.9 

Hurley Rowden ... 

12.5 

157 

594 

279 

84.3 

38.0 

100.0 

98.9 


Controls (Con.) received no treatment. 
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There was an increased yield from treatment and almost complete con¬ 
trol of wilt and root-knot. Growth differences began to appear early in 
the season, particularly with Deltapine. After 8 weeks, plants in treated 
rows were 3 inches taller than those on non-treated plots; and differences 
became greater as the season progressed. The yield differences in this and 
later tests were accounted for largely by number of bolls, although the bolls 
and seed were larger and the lint indices higher from treated plots. 

FUMIGATION OF HEAVILY INFESTED SOIL 

The study was repeated, with minor variations, at Tallassee, Alabama, 
in 1947. The soil used at Tallassee is a Gahaba fine sandy loam, deep 
phase. Cotton has been grown on this particular area for several years 
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A , B 



Fig. 1. A. Eoots of Deltapnie 14 cotton from untreated and trt^ated plots; rate 37.5 
gallons per acre. B. Boots of Cook 142-10 from untreated and treated plots; rate 12.6 
gallons per acre. C. Early killing and stunting in untreated plots compared with 
vigorous growth in treated plots. Tallassee Test I, photographed July 10. 


and the infestation of wilt, root-knot, and meadow nematode was heavy. 
Only the more resistant varieties can survive, and even these become 
stunted and wilted, and production is reduced. Otherwise, the soil is con¬ 
sidered one of the best in Alabama for cotton production. The same 
varieties, Deltapine 14 and Coker 4 in 1-7, were planted. The test con- 
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sisted of 6 replications, with rows 70 feet long. The two treated rows 
were alternated with two non-treated rows to make up a replication. The 
fumigant was injected April 26 at a depth of 6 to 7 inches at staggered 
points 15 inches apart at the rate of 37.5 gal. per acre. The center row of 
injection points was in the row to be planted, with a row of injections 12 
inches distant on each side. A guard row was not used between treated 
and non-treated rows and there was no evidence that the effect of the fumi¬ 
gant extended beyond the rows treated. The seed were planted under 
favorable conditions May 6, and an excellent stand was obtained for both 
varieties. Soil temperatures were not available for the period between 
soil treatment and planting, but the mean maximum and minimum air tem¬ 
peratures were 79° and 62° P., respectively. From this it may be as¬ 
sumed that the soil temperatures were favorable for the action of the 
fumigant. 

Differences in rate of plant growth and amount of wilting were ap¬ 
parent early in the season (Pig. 1, C). Yields of lint were increased from 
367 to 1C67 lb. for Coker 4 in 1-7 and from 64 to 904 lb. for Deltapine 14. 
These yields represent increases of 191 and 1312 per cent, respectively. 
The wilt percentage was reduced from 52.7 to 1.8 and from 96.8 to 3.2 for 
the respective varieties. Wilt severity in this test is indicated by the high 
incidence in Coker 4 in 1-7, which is considered a relatively resistant va¬ 
riety in most soils. The root-knot indices were recorded November 26 and 
represent the seasonal build-up of the infestation. Plants in treated plots 
had normal appearing roots, indicating good control of both species of 
nematodes (Pig. 1, A). Such galls as were present were small and prob¬ 
ably resulted from relatively late invasion of roots. 

REDUCTION IN AMOUNT OF FUMIGANT 

To determine the effect of a lower rate of application of the fumigant, 
an additional test was conducted at Tallassee, Alabama, in 1947. The rate 
used in this test was 12.5 gal. per acre. The material was injected to a 
depth of 6 to 7 inches at intervals of 15 inches in the row only. The 
varieties were randomized in 6 replications. A plot consisted of one row, 
40 feet long. The number of varieties was increased to 6. Three va¬ 
rieties, Marett’s C 4~8, Cook 142-10, and Coker 4 in 1-7 are considered 
wilt-resistant, and they have the best root-knot tolerance available in up¬ 
land cotton varieties. Dixie Triumph 366 is resistant to wilt but rather 
susceptible to root-knot. Miller 610 is moderately wilt-tolerant and sus¬ 
ceptible to root-knot. Hurley’s Rowden is highly susceptible to both wilt 
and root-knot. 

The yield data (Table 1) show much the same response to treatment 
as was obtained with the heavier application used at Tallassee. For the 
variety Coker 4 in 1-7, which was planted in both tests, the mean differ¬ 
ence between plots in the two tests, 104 lb., may be partially attributed to 
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response to the heavier treatment. Plants were larp:er and grew more vig¬ 
orously on the plots treated at the rate of 37.5 gallons. 

The yields of other varieties having some wilt resistance were compa¬ 
rable to those of Coker 4 in 1-7 in treated plots. The small diiferences 
in yields are considered varietal rather than responses to treatment. Only 
the highly susceptible Rowden was not adequately protected to give the 
maximum expected yield in comparison with other varieties. The 12.5-gal. 
rate used in combination with resistant varieties appears about the opti¬ 
mum amount from the standpoints of economy of material and yield re¬ 
sponse. 

The wilt was reduced to a negligible amount by treatment in all varie¬ 
ties except Rowden. Wilt percentages from 3 to 6 are not considered as 
factors affecting yield with good original stands, such as occurred at Tal- 
lassee. The roots of wilt-resistant plants in treated plots were protected 
sufficiently to permit good growth and production (Fig. 1, B). Root- 
knot indices in several varieties indicate a high infestation on the treated 
plots. Observation of the roots shows good protection as far as the fumi¬ 
gant extended. Largest galls were formed on roots extending beyond the 
limit of the effective range of the gas. 

SUMMARY 

Markedly increased yields and almost perfect control of cotton wilt 
and nematodes were obtained by the use of 31 and 37 gallons per aere of 
Dowfume W-10 as a soil fumigant with both resistant and susceptible va¬ 
rieties of cotton. 

More economical control and comparable yields were obtained with ap¬ 
plications of the fumigant at the rate of 12.5 gallons per acre applied in 
the row only. A variety highly susceptible to wilt and nematodes was 
not adequately protected at the 12.5-gallon rate of application. 

Alabama Agriculture Experiment Station, 

Auburn, AtjABAma. 
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A SIMPLIFIED METHOD OP PURIFYING TOMATO BUSHY-STUNT 
VIRUS FOR ELECTRON MICROSCOPY^ 

Russell L. Steere2 and Robley C. Williamss 
(Accepted for publication .Tune 28, 1948) 

INTRODUCTION 

The application of electron microscopy to virus studies has allowed a 
new approach to some of the problems of virus identification. Uniformly 
sized particles, not found in controls, have been isolated by numerous 
workers from plants known to be infected with tobacco mosaic, tomato 
bushy-stunt, southern bean mosaic, and a few other virus diseases. These 
have been hij^hly purified and, because of their intimate association with 
infectivity, are now considered to be virus particles. They will be so desig¬ 
nated throughout this paper. Purified suspensions of particles of the 
above mentioned viruses have been photographed and each Jias been found 
to have a distinct shape and size. 

Stanley (4) has mentioned the possibility of using the electron micro¬ 
scope for diagnostic purposes, but this procedure has not yet been generally 
adopted, because of the difficult purification procedures required. 

Sigurgeirsson and Stanley (3) found it unnecessary to preserve the 
initial concentration of tobacco mosaic virus particles in the plant sap in 
order to locate them with certainty in the electron micrographs. Because 
of the rodlike shape and the large natural concentration of these particles, 
one part of expressed sap from infected plants to 50 parts of water re¬ 
sulted in identifiable specimen fields, and no special procedure appeared 
necessary for general observation and for non-specific identification of in¬ 
dividual particles. Virus particles such as those of tomato bushy-stunt, on 
the contrary, do not appear as easily distinguishable rods, but rather as 
tiny spheres which are similar in size to many of the normal plant compo¬ 
nents. Also, the coneentration of these particles in the infected sap is 
generally much less than that observed for tobacco mosaic, and a 1: 50 dilu¬ 
tion of the original plant juice scatters them so thinly that they cannot be 
photographed with certainty. 

We are using the tomato bushy-stunt virus, grown in Datura meteloides^ 
for an electron microscopic study of the mechanism of virus multiplication, 
and it is obviously desirable to subject the infected plant sap to as mild 
and brief a purification treatment as possible. Previously adopted purifi¬ 
cation methods have involved precipitation of the virus with ammonium 
sulphate, or concentration by high speed centrifugation, but we feel that 

1 This research has been supported in large part by a grant from the American Cancer 
Societjr upon recommendation of the Committee on Growth of the National Research 
Council. 

2 Department of Botany, University of Michigan. 

3 Department of Physics, University of Michigan. 

^ We are indebted to Dr. W. M. Stanley for the suggestion that Datura is a very 
satisfactory host for this virus. 
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these prolonged procedures are liable to remove whatever characteristic 
signs of virus reproduction might exist in the untreated sap. We have 
experimented with simplified techniques of partial purification until we 
are now able to purify the virus sufficiently for electron microscopic 
observations by means of a fairly gentle procedure requiring only about 
25 minutes following the initial extraction of the sap. 

PROPAGATION AND PURIFICATION 

Seeds of Datura meteloides are germinated in sand and arc transferred 
to sandy loam (20 plants in each 8-inch pot). Some of these pots are set 
aside for controls. The young plants in the others are inoculated when 
the first true leaves are about one-half inch across by gently rubbing the 
leaves with cheesecloth saturated with a mixture of one part crushed in¬ 
fected plants to 50 parts of distilled water and one part of fine carborun¬ 
dum. Carborundum is used to puncture the cell walls without injuring or 
having any toxic effect upon the cells. Plants are washed off with a stream 
of tap water immediately after inoculation. More than 95 per cent infec¬ 
tion is regularly obtained in this manner. 

Inoculated and control plants are placed in a specially constructed 
cabinet with controlled fluorescent lights and constant temperature of about 
22® C. Three days after inoculation, numerous virus particles have always 
been found in the tips of plants thus infected. 

The infected leaves and stem are cut and placed in 15-cc. glass centri¬ 
fuge tubes where they are crushed and the juice pressed out by use of glass 
rods, the ends of which have been rounded by flaming. The expressed sap 
is transferred to clean tubes and diluted with an equal volume of distilled 
water. Heat coagulation (presumably of protoplasmic proteins and chloro¬ 
phyll) is carried out as rapidly and at as low a temperature as possible. 
This is done by dipping the tubes containing diluted sap into boiling water 
and rapidly retracting and rubbing them with the hand to dissipate excess 
heat. This process is repeated until the first signs of coagulation appear 
at approximately 49° C. Coagulation is obtained in less than one minute. 
The tubes are held in the water bath no more than a total of 10 seconds, 
in contrast to approximately five minutes required when they are continu¬ 
ously immersed in a bath maintained at 50® C. 

The coagulum is then sedimented, and loosely packed Celite (a dia- 
tomaceous earth) of approximately one-half the volume of remaining 
liquid is added. This is shaken, and again centrifuged at 3,000 r.p.m. for 
3 minutes, after which the liquid is transferred to another clean tube and 
spinning is repeated for five minutes. Another transfer and spinning for 
3 minutes is advantageous in eliminating the diatom particles. Drops of 
the final clear or slightly yellow-brown liquid are then placed on collodion 
or Formvar (polyvinal formal) films mounted on the usual electron micro¬ 
scope specimen screens. Each drop is allowed to remain in position over 
a screen for one-half minute and then as much liquid as possible is witi^- 
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Fio. 1. Electron micrograph of the tomato bushy-stunt virus grown on Datura 
meteloides. Virus suspension allowed to dry on Formvar film after purification, and then 
shadow-cast with uranium. Buled line shows one micron. Magnification is thus 45,000 x. 
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drawn by a pipette. The remaining liquid is allowed to dry on the film. 
The screens containing this preparation have been shadow-cast with ura¬ 
nium at a 3-to-l angle, using the technique of Williams and Wyckoflf (5), 
and have been observed and photographed with an RCA type B Electron 
Microscope. 

As a check, uninfected plants have been submitted to the same pro¬ 
cedure as the infected. Whenever particles apparently similar in size to 
those found in infected material were seen with the electron microscope, 
they were photographed. In every instance the photographs indicated 
clearly that there were no spherical particles in the purified control mate¬ 
rial comparable to those which were always found in preparations from 
the infected plants. 

Datura plants inoculated with the purified liquid, samples of which 
yield gpod photographic indication of virus particles, become infected in 
the usual manner. It would require comparable series of inoculations with 
successive parallel dilutions of processed and non-processed sap to deter¬ 
mine conclusively whether or not the purification technicpie inactivates 
part of the virus, but rough experiments so far made do not indicate any 
loss of infectivity. Bawden (1) has compared the infectivity of unheated 
and heated virus preparations and has found nearly 50 per cent loss of in¬ 
fectivity with treatment at pH 6 and 50° C. for ten minutes. It is pre¬ 
sumed that the short period of heating in the present procedure would 
have less effect than that observed by Bawden though the temperature of 
that part of the liquid adjacent to the tube wall may exceed 50°. 

We have found it impossible to carry out the purification procedure 
without the addition of distilled water to the original sap. It is probable 
that if the normal plant proteins are coagulated from too concentrated a 
solution (or suspension) they carry down the virus particles with them. 
This might come about merely by mechanical entanglement with associated 
particles in a suspension so concentrated that interparticulate freedom of 
movement is not possible. 

Purification by the method described is complete enough to permit the 
formation of flat layers of aggregates of uniform-sized spherical virus par¬ 
ticles when Pormvar films are used. A geometrical arrangement is ob¬ 
served in these aggregates (Pig. 1) which might be expected to result from 
particles of such uniform size that they adjust to that arrangement which 
utilizes space most economically, i.e. in a square or a hexagonal arrange¬ 
ment as viewed vertically. In some photographs, areas showing as many as 
three distinct layers have been observed (Pig. 2). When drops of virus 
suspension purified in the same manner are dried on collodion films, small 
aggregates among numerous rather evenly spaced particles result (Fig. 3). 

Particles small enough to suffer considerable Brownian movement might 
by such movement adjust themselves to a regular geometrical or crystalline 
arrangement as they dry out of suspension. Since it may be assumed that 
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Fio. 2. Same preparation as shown in figure 1. Stratification of aggregates into 
three distinct layers is plainly visible. Magnification 46,000 X. 
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Fig. 3. Preparation similar to that shown in figure 1, but allowed to dry on collodion 
film. Magnification 50,000 x. 
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very slight forces of adsorption or of differential wetting might mask the 
Brownian motion forces and be suflScient to prevent the orderly arrange¬ 
ment of uniform particles of colloidal dimensions, we need not necessarily 
assume that the same results should be obtained with surfaces as different 
in their adsorbing behavior as collodion and Pormvar appear to be. The 
results as indicated above seem to show that such a condition actually exists. 

Price, Williams, and Wyckoflf (2) have previously recorded crystalline 
structure of tomato bushy-stunt and southern bean mosaic virus particles 
following purification by differential ultracentrifugation. 

SUMMARY 

A new procedure requiring only small amounts of infected plant mate¬ 
rial has been developed for rapid purification by differential adsorption of 
ultramicroscopic particles from the sap of plants of Datura meteloides in¬ 
fected with tomato bushy-stunt virus preparatory to examination by the 
electron microscope. 

The purification procedure involves; (a) coagulation of normal proto¬ 
plasmic constituents by heating briefly to approximately 50° C., (b) ad¬ 
sorption of other normal components onto diatomaceous earth, (c) cen¬ 
trifugation at 3,000 r.p.m. at specific intervals to eliminate coagulum and 
diatom material, and (d) application of suspension to Formvar or collodion 
films and subsequent removal of excess liquid. 

Suspensions thus obtained contain vast numbers of particles of uniform 
size which are completely lacking in control preparations from uninfected 
plants and are therefore interpreted as particles of bushy-stunt virus. 
Such preparations are actively infective to Datura. 

When suspensions of virus particles pur-ified by this technique are dried 
on films of Pormvar, electron micrographs reveal regular aggregates of 
crystalline appearance in which the lines of particles intersect at angles 
of 90° and 120°. 

When the same preparation is dried on collodion, electron micrographs 
show only small aggregates among numerous rather evenly spaced particles. 
University op Michigan 
Ann Arbor, Michigan 
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CHEMICAL TREATMENT OF SOYBEAN SEED IN RELATION TO 
NODULATION BY NODULE BACTERIA^ 

M. F. Kernkamp 
(Accepted for publication July 16, 1948) 

Along with the phenomenal rise of the soybean industry in Minnesota 
in recent years, problems concerning cultural practices are beginning to 
appear. One of the most pertinent questions at the present time is whether 
chemical seed treatment will kill nodule bacteria {Bhizohium Icgummosa- 
mm) and thus nullify the beneficial effects of using a commercial nitrogen 
inoculant. 

Preliminary results reported by Alliiigton, Kent, Tervet, and Koehler 
(2) indicated that nodulatioii on soybean roots was slightly reduced by 
seed treatment in Alabama, but was not impaired in other areas. 

Kadow, Allison, and Anderson (3) reported a reduction of nodulation 
when bacterial inoculant was applied to pea seed after treatment with 
Semesan, cuprous oxide, and zinc oxide, and sown in partially sterilized 
soil. They found no reduction in nodulation when similarly treated seed 
was planted in field soil where the nodule forming bacteria were already 
present. Likewise, Sharvelle, Young, and Shema (5) found no harmful 
effect of Spergon on nodule bacteria on peas in field tests. 

Miller (4) found that Spergon had no effect on root nodulation in pea¬ 
nuts grown in the greenhouse either when seed was inoculated with com¬ 
mercial preparations of nodule bacteria or left uninoculated. Albrecht 
(1) compared yields of peanuts grown from nontreated and Spergon treated 
seed in plots that had been inoculated with nitrogen bacteria. His results 
indicated that Spergon was not injurious to nodulation. 

The experiments reported here were designed to test in more detail the 
effects of seed treatments on nodulation in soybeans when chemical seed 
disinfectants and nodule bacteria were both applied to seed at different 
times or at the same time. 


PROCEDURE 

The following methods of seed treatment and inoculation were tested in 
the greenhouse: (1) seed treated with Spergon and not inoculated; (2) 
seed treated with Spergon 2 days after inoculation; (3) seed treated with 
Spergon and inoculated at the same time; (4) seed treated with Spergon 
and inoculated 2 days later; (5) seed inoculated but not treated with 
Spergon; and (6) seed not treated or inoculated. Each treatment was 
replicated three times and each experiment was repeated three times. One 
replicate comprised 10 plants in a 6-inch plot, thus giving 30 plants per 
treatment per experiment. The greenhouse tests were made with soil auto- 

1 Paper No. 2411, Scientific Journal Series, Minnesota Agricultural Experin..nt 
Station. 
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claved for 4 hours, and with non-autoclaved soil, both experiments being 
run simultaneously. 

Spcrgon (tetrachloro-para benzoquinone) was applied at the rate of 2 
oz. per bu., and the inoculant, commercial Nitragin, was applied according 
to the recommended wot method. In all tests attempts were made to dupli¬ 
cate farm procedure insofar as possible. 

The variety Habaro (Minn. No. 109) was used throughout. The num¬ 
ber of nodules on the roots of plants w^ere counted after they had grown 
for approximately 6 weeks. By that time the plants were approxj^mately 
18 inches high, and the soil w^as thoroughly penetrated by roots. The 
data were analyzed statistically by analysis of variance. 

Preliminary results of a field experiment also are presented. In this 
test the plan was identical to that given above, except that New Improved 
Ceresan (ethyl mercury phosphate) and Semesan Jr. (ethyl mercury 
phosphate) were also tested on the varieties Ottawa Mandarin (Minn. Acc. 
No. 219) and Wisconsin Mancliu No. 3 (Minn. Acc. No. 210). 

RESULTS 

Table 1 summarizes three greenhouse experiments in which soybean 


Table 1. —Summary of greenhouse experiments on the number of nodules on Habaro 
soybeans grown from seed inoculated with Nitragin bacteria, treated with Spergon^ and 
planted in non-autoclaved soil 


Experiment 
and Date 

Treatment and number of nodules* 

Spergon 

No Spergon 

No 

Nitragin 

Nitragin 

2 days 
before 
Spergon 

Nitragin 

with 

Spergon 

Nitragin 
' 2 days 
after 
Spergon 

Nitragin 

No 

Nitragin 

1. April, 1947 

55.7 

46.6 

62.3 

46.3 

28.6 

52.0 

2. .Tune, 1947 

234.0 

283.0 

237.3 

322.7 

274.6 

334.0 

3. March, 1948 

15.3 

56.6 

39.0 

66.0 

72.0 

16.3 

Mean of all 







experimentsb 

101.7 

128.7 

112.7 

145.0 

134.4 

125.1 


a Each figure represents the average number of nodules on three replicates of 10 
plants each. 

b No significant difference between means when analyzed by analysis of variance. 


seed was treated with Spergon, inoculated with Nitragin, and planted in 
non-autoclaved soil in the greenhouse. Nodules developed equally well re¬ 
gardless of whether or not inoculum was applied, and regardless of the 
time of application of inoculant and Spergon. The means of all three 
experiments varied only from 101.7 to 145.0 nodules per 10 plants for all 
treatments. Although there seemed to be a tendency for more nodulation 
when the inoculum was applied after treatment with Spergon, the differ¬ 
ences between means were not statistically significant. It is assumed that 
nodule forming bacteria were already present in the soil prior to seed in- 
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oculation. These results are in agreement with those of Kadow et al (3), 
who reported that if pea seed was planted in soil already eontaining nodule 
bacteria, nodules developed regardless of inoculation or treatment with a 
chemical disinfectant. 

There was considerable difference between experiments in degree of 
nodulation. The low number of nodules in the first experiment (Table 1) 
can be explained by the fact that the plants were given less water than is 
optimum for nodule formation. The discrepancies between tlie other ex- 
priments could be explained by the fact that different sources of soil and 
inoculum were used in the different experiments. The important thing is 
that the trend was the same in each experiment, and there was no signifi¬ 
cant difference between the over-all means. 

Parallel experiments were made, along with those described, using par- 

Table 2.—Summary of greenhouse experiments on the number of nodules on Haharo 
soybeans grown from seed inoculated with Nitragin bacteria and treated with Spergoh 
and planted in soil autoclaved for 4 hours 


Treatment and number of nodules® 


Experiment 
and Date 


Spergon 


1 No Spergon 

No 

Nitragin 

Nitragin 

2 days 
before 
Spergon 

Nitragin 

with 

Spergon 

Nitragin 

2 days 
after 
Spergon 

Nitragin 

No 

Nitragin 

1. April, 1947 

1.0 

6.3 

5.0 

36.3 

4.3 

1.0 

2. June, 1947 

23.7 

47.6 

83.7 

67.3 

491.0 

15.7 

3. March, 1948 

201.7 

269.3 

299.7 

275.6 

338.3 

82.0 

Mean of all 
experiments^ 

75.6 

107.7 

129.4 

126.4 

277.9 

32.9 


a Each figure represents the average number of nodules on three replicates of 10 
plants each. 

See tabic 3 for significant differences when analyzed by analysis of variance. 


tially sterilized soil, autoclaved 4 hours. The results are presented in 
table 2, and the statistical significance of the data is presented in table 3. 

As in the experiments with iion-autoelaved soil, there was no statis¬ 
tically significant difference in nodulation when Spergon without inoculum 
was compared to Spergon with inoculum applied at different times. But 
when no inoculum and no Spergon were applied, there was a significant re¬ 
duction of nodulation compared to inoculation at the same time as treat¬ 
ment and inoculation after treatment. When seed was inoculated without 
Spergon, nodulation was greatly increased over all other combinations of 
inoculation and application of chemical. 

These results again indicate that Spergon used in combination with 
Nitragin, even in partially sterilized soil, did not significantly influence 
nodulation in soybeans. Nodulation was significantly increased, however, 
when Nitragin was applied without Spergon as compared to Nitragin with 
Spergon in any combination. 
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Here again differences will be noted between the data from different ex¬ 
periments. The reasons given for such variation in the experiments with 
non-autoclaved soil will apply here since they were made at the same time. 

An experiment was made in the summer of 1947 to test the same methods 
of inoculation and seed treatment on nodulation and yield in the field. In 
addition to testing Spergon with inoculant, Semesan Jr. and New Improved 
Ceresan were tested. Also, two additional varieties, Ottawa Mandarin and 
Wisconsin Manchu No. 3, were included in the test. The experiment was 
laid out in randomized blocks, replicated four times. Nodules were counted 
on an average of approximately 15 plants per row on August 25, 1947, 
and yields were recorded at harvest time. The plot was planted on a piece 
of ground that had never been known to be planted to soybeans previously. 

The results are based on only one year’s data and are necessarily pre¬ 
liminary. There w^as no statistically significant difference in nodulation 
or yield regardless of what combination of inoculum and either of the 
three seed disinfectants was used. 

Table 3. — Significance^^ of data on nodulation given in table 2 


Spergon, no Nitragin 
do. 
do. 

No Spergon, no Nitragin 
do. 

Nitragin, no Spergon 


vs. Nitragin 2 days before Spergon 

vs. Nitragin with Spergon 

vs. Nitragin 2 days after Spergon 

vs. Nitragin with Spergon 

vs. Nitragin 2 days after Spergon 

vs. All Others 


not significant 
do. 
do. 

significant 

do. 

do. 


a Significance was determined by analysis of variance and comparing means, using 
L.S.D. = 90.1 at the 5 per cent level. 

These results agree with the results in non-autoclaved soil, and they 
agree with reports of Kadow et al (3) and Miller (4), who both stated that 
nodulation is not affected by seed treatment or inoculation when seed is 
planted in soil that has not been partially sterilized or in soil where the 
nodule bacteria are already present. 


DISCUSSION AND CONCLUSIONS 

The application of Spergon with commercial Nitragin did not influence 
nodulation when the seed was planted in soil that already contained the 
bacteria; and preliminary results from one field experiment indicate that 
seed treatment with Spergon, New Improved Ceresan, or Semesan Jr. had 
no effect on nodulation or yield. Even in soil autoclaved for 4 hours the 
various combinations of Spergon with or without commercial Nitragin did 
not affect nodulation. However, results with steamed soil indicated that 
Spergon reduced nodulation as compared with the non-treated check. The 
latter may be interpreted to mean that Spergon may reduce nodulation 
when inoculated seed is planted in soil that contains a small number of 
nodule bacteria. 

Only soil from the Experiment Station farm at St. Paul was used in 
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the tests, and the results obtained may not apply to other soil throughout 
the State or the soybean area of the Corn Belt. But with the widespread 
production of soybeans, it seems likely that nodule bacteria are also wide¬ 
spread, and therefore Spergon would not reduce nodulation in most soybean 
fields. This is supported by the fact that there were nodules on plants 
in one field that had never been known to have grown soybeans previously, 
and is further supported by results of other experimenters (1, 2, 3, 4, 5), 
who found no apparent deleterious effect of seed disinfectants wdien legume 
crops w^ere planted in soil already containing the bacteria. 

The time of application of inoculant or fungicide does not appear to be 
of major importance, since the degree of nodulation did not differ signifi¬ 
cantly with different times of application. However, in view of the fact 
that slightly more nodulation resulted when the inoculant was applied 
after the Spergon, even though the differences w^ro not statistically sig¬ 
nificant, it is recommended that that method be followed. The directions 
that appear on the containers of the Spergon and inoculant appear to be 
adequate. 

University Farm, 

St. Paul, Minnesota. 
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BACTERIA IN THE STORAGE ORGANS OP HEALTHY PLANTS 

Tan W. Terveti and John P. Hollis 2 . s 
(Accepted for publication July 8, 1948) 

INTRODUCTION 

It is generally believed that healthy plant tissue is free from micro¬ 
organisms. This viewpoint draws most support from negative results ob¬ 
tained in the last century (2, 5, 15). A complete review of earlier work 
is furnished by Berthold (1). Evidence to the contrary is of compara¬ 
tively recent origin (3, 6, 7, 9, 10, 11, 12, 13, 14). The most pertinent re¬ 
ports have all arisen since 1936 and are mostly independent of one an¬ 
other. Since this work is also of independent origin, no formal review of 
literature will be given. 

The stimulus for the investigation reported herein arose from a chance 
discovery by the senior author of bacterial action in cultures of potato plugs 
submerged in sterile water. Breakdown of the plugs occurred and with 
this the liberation of whole starch which was deposited in the bottom of 
the culture tubes. Since the plugs of tissue had been removed aseptically, 
it was considered probable that the bacteria might be present inside the 
tubers. Experiments were conducted during the summer of 1947 to test 
this possibility. 

MATERIALS AND METHODS 

Tubers and storage organs of potato, carrot, turnip, red beet, and sweet 
potato along with fruits of tomato and kohlrabi buds were tested for the 
internal presence of bacteria. The organs were washed in tap water, 
placed in either 1; 1000 acid mercuric chloride or calcium hypochlorite of 
2 per cent chlorine strength for 5-20 minutes, removed, and blotted so as 
to remove excess moisture. 

Plugs of tissue were removed by two methods. The first utilized a cork 
borer that was dipped in alcohol and flamed. A flap of tissue was torn 
from the surface of the organ to be tested, the borer inserted and pushed 
through to the opposite side. The surface tissue at the end of the borer was 
then extruded by means of a sterile glass rod and excised with a sterile 
scalpel. The plug of tissue w^as then pushed out into a sterile culture tube 
water blank. The second method utilized a scoop commonly employed in 
transporting chemicals for weighing. The tuber was cut part way, then 
broken into two halves. The scoop previously flamed red hot, cooled in 
95 per cent alcohol and reflamed, was then inserted into the broken surface 
and a wedge-shaped piece of tissue removed. Figure 1, A shows plugs 

1 Camp Detrick, Frederick, Maryland, and formerly Associate Plant Pathologist, 
Nebraska Agricultural Experiment Station. 

2 Graduate Assistant in Plant Pathology, Nebraska Agricultural Experiment Station. 

3 Published with the approval of the Director as Paper No. 451, Journal Series, 
Nebraska Agricultural Experiment Station. 
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taken by the two methods. Cork borers used in the test were always auto¬ 
claved before the next lot was sampled. 

The method of sampling must be noted. Tubers of freshly harvested 
Red Warba potato comprising 12 lots taken from Central Nebraska in 
August, 1947, were selected for large size and 5 plugs taken from each 
tuber transectionally. Likewise, 5 plugs were taken from kohlrabi buds, 
red beet, turnip, and carrot, and 3 plugs from green tomatoes. No par¬ 
ticular pattern of plug removal was used in sampling other lots. 

All cultures were incubated at room temperature. Over the period 



Fio. 1. A. The two types of aseptic potato plugs used in determining the occur¬ 
rence of bacteria in plant tissue. B. Types of bacterial growth or tissue change found 
in ascptically produced potato plugs 1. to r. turbidity, pellicle, green fluorescence, tissue 
breakdown. C. Stages in breakdown of potato plugs resulting in starch liberation. 
Loft: plug in initial stages of breakdown. Center tubes: further stages in breakdown. 
Kight: tissue digested leaving deposit of starch at bottom of tube. 1). Three steps in 
the blackening of submerged potato plugs. 

during which the work was performed, the average laboratory temperature 
was in excess of 30° C. 

BXPERIMKNTAL WORK 

In the initial phases of this study it was noted that complete breakdown 
of “sterile” potato tissue submerged in sterile water with the liberation of 
whole starch grains from the cells was of rather infrequent occurrence. 
The most prevalent type of growth in submerged plug cultures was a uni¬ 
form turbidity with gas formation. Turbidity with green fluorescence 
was less frequent but occurred with more regularity than complete br'ak- 
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down. There was high correlation between certain lots of potatoes sam¬ 
pled in early tests and the presence of bacteria producing turbidity and 
gas. No such correlation existed between potato lots and the presence of 
organisms responsible for complete breakdown of potato tissue. 

In order to learn more about the prevalence and distribution of bac¬ 
teria in healthy potatoes, a number of experiments were conducted in se¬ 
quence. Table 1 gives the results of these tests. The number of cultures 

Table 1. —Summary of bacterial isolation tests from healthy plant tissues using plugs of 
tissue removed aseplically and submerged in sterile water 


Cultural types of growth 


Plant and 
plant part 

Lot No. 

Method 

Incubation 
time in days 

Number 
of plugs 

Sterile plugs 

Gas and 
turbidity 

• Gas and 
green fluor¬ 
escence 

Pellicle 

Cellulose 

decompositior 

Potato 

1-12 

Borer 

10 

600 

435 

78 

16 

68 

0 

Tubcra 

Do 

13 

Do 

15 

30 

20 

10 

0 

0 

0 

Do 

13 

Scoop 

2 

10 

1 

7 

0 

0 

2 

Do 

13 

Do 

7 

30 

2 

28 

0 

0 

0 

Do 

13 

Do 

8 

34 

4 

27 

4 

1 

0 

Do 

13 

Do 

2 

30 

27 

2 

0 

1 

0 

Do 

13 

Do 

15 

60 

45 

15 

0 

0 

0 

Do 

14 

Borer 

4 

24 

1 

0 

0 

0 

23 

Do 

15 

Do 

3 

70 

38 

26 

0 

6 

0 

Aerial 

tnber 

16 

Do 

3 

15 

8 

0 

0 

3 

4 

Do 

16 

Do 

4 

85 

50 

18 

0 

14 

3 

Do 

Kohlrabi 

16 

Do 

8 

150 

136 

14 

0 

0 

0 

Bud 

1 

Do 

8 

50 

•36 

13 

0 

1 

0 

Bed Beet 

Boot 

1 

Do 

8 

50 

30 

20 

0 

0 

0 

Turnip 

Boot 

1 

Do 

8 

50 

9 

41 

0 

0 

0 

Carrot 

Boot 

1 

Do 

8 

49 

34 

15 

0 

0 

0 

Sweet 

potato 

Boot 

1 

Scoop 

7 

30 

30 

0 

0 

0 

0 

Tomato 

Fruit 

1 

Borer 

8 

34 

34 

0 

0 

0 

0 


a Bed Warba variety. 


with turbidity and gas formation far exceeds the number with any other 
type of growth. Microscopic examination of turbid cultures revealed the 
presence of Gram negative rods although other types of bacteria frequently 
were present. Indeed, many cultures with initial turbidity were later 
found to possess a pellicle. 

These cultures were always grouped with other pellicle-forming cul¬ 
tures and are enumerated this way in table 1. Figure 1, B shows the cul¬ 
tural types encountered. The few cultures in which there was complete 
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breakdown with starch liberation in this series of tests (Fig. 1, C) suggest 
that either the presence of these bacteria varies widely among lots of pota¬ 
toes or that superficial contamination is responsible for the erratic results. 
It is significant that not one culture of this type was encountered in the 
large experiment involving 12 lots of potatoes. In this test the percentage 
of cultures in which growth occurred varied between 8 and 54 per cent for 
the various lots. Although 5 plugs were taken from each tuber there was 
no tendency for the bacteria to be distributed in tuber units. The con¬ 
verse was true in the case of carrots. No adequate explanation can be 
given of these results at present. 

In the blackening of potato plugs in submerged culture, due to forma¬ 
tion of melanin pigment (Fig. 1, D), there was complete agreement between 
tuber unit and the extent and intensity of color formation. The intensity 
and extent of blackening increased with the time beginning at the top and 
])rogressing toward the base. Some sets of 5 plugs remained completely 
white over the entire period of incubation. 

Of other plant tissues from which isolations were made, turnip appears 
to be the moat uniformly infested with bacteria. An examination of 10 
cultures taken at random from tubes with growth in the turnip series re¬ 
vealed the presence of Gram negative rods in all 10 cultures. In addition 
to Gram negative rods, Gram positive rods of different size were found in 
one tube. 

The industrial implication of cellulose breakdown with starch libera¬ 
tion made it desirable to conduct a preliminary investigation as to the 
nature of the organism bringing about this action. Microscopic examina¬ 
tion of raw j)otato plug cultures in which breakdown was complete and 
starch was liberated revealed the presence of several morphologic types of 
bacteria. Uniformly present were large Gram positive rods, medium-size 
Gram positive rods, small Gram negative rods, and large clostridial forms. 

It was possible to obtain pure cultures of the clostridial form by means 
of two successive heat treatments of aseptic potato plug cultures freshly 
inoculated with liquid from a broken-down culture. When these tubes 
were treated in water at 80° C. for one-half hour, the clostridial form 
survived this treatment and produced gas and turbidity after 24 hours. 
There was no breakdown by this organism alone. Morphologically these 
clostridial rods are variable. The ellipsoidal spores are borne terminally 
and are Gram positive. The vegetative part of the rod stains a light 
violet color with gentian violet. This part or “taiP’ is variable in length 
and diameter and may or may not be present with the spore. 

The inability of pure culture transfers of this organism to raw potato 
plug cultures to bring about breakdown suggested that a complex of two 
or three organisms might be responsible for this action. Further tests 
were devised using potato-dextrose agar adjusted to a reaction of pH 7.0 
as the test medium. Dilutions or loops of the original breakdown liquid 
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were used for all initial transfers to potato-dextrose agar. There was no 
growth in either potato-plug or Petri-dish cultures incubated in pure nitro¬ 
gen indicating that at least one of the essential organisms was not a strict 
anaerobe. Inoculation of slants under sterile mineral oil, with liquid from 
a plug culture which had broken down, resulted in a whitish growth com¬ 
posed of the clostridial rod and small Gram negative rods which tended 
to be associated end to end in pairs. When a loopful of this growth was 
transferred to fresh, raw plug-cultures complete breakdown with starch 
liberation occurred in 48 hours at temperatures above 30° C. The opti¬ 
mum temperature for breakdown under the conditions imposed proved to 
be about 35° C. 

Pure cultures of the Gram negative rod were obtained from slants by 
transferring the inoculum to dilution plates, which were then covered with 
a layer of sterile mineral oil, or by incubating the dilution plates under an 
oxygen tension of 10 mm./Hg. maintained by continuous faucet suction. 
Apparently the clostridial form required certain growth factors which were 
not carried over in sufficient quantities to dilution plates. It was noted also 
that successive transfer of the two organisms to fresh slants under oil re¬ 
sulted in loss of breakdown activity when these daughter slants were used 
for inoculating raw plug cultures. Obviously, the age of the slant culture 
may be important in loss of activity on potato-dextrose agar. 

When the Gram negative rod was transferred to raw plug cultures, tur¬ 
bidity with gas formation resulted. The combination of both organisms 
was found necessary for breakdown. The complex was best retained in 
liquid from a culture which had previously broken down and at the time 
the work was terminated had retained viability in a sample of this liquid 
for about 5 months. 

The ideritity of these organisms has not been pursued further. Mura¬ 
tova (8) obtained raw starch liberation from potatoes with the aid of an 
organism closely resembling Bacillna felsinens Carbone. Paziuk (10) de¬ 
scribed a single pleomorphic plectridial form which he showed capable of 
liberating raw starch from potatoes. It is not clear whether he was working 
with only one organism, because one type of rod could be seen in surface 
colonies while another type, a spore-forming plectridium, was found be¬ 
tween the agar and glass at the base of the same culture. Buromski and 
Matiushenko (3) report breakdown of potatoes with starch liberation as 
due to a combination of cocci and rods. 

The Gram negative rod reported in this work formed small, glistening 
white colonies 0.5-5 mm. in diameter. Most surface colonies were 2 mm. in 
diameter after 48 hours. The clostridial form reported herein is similar 
morphologically to the organism described by Muratova (8). 

Further tests were conducted by inoculating the breakdown liquid from 
potato plug cultures into submerged tissue cultures of cooked potato, sweet 
potato, carrot, and alfalfa leaves and petioles. Cooked potato plugs broke 
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down completely with starch also disappearing. Breakdown in carrot and 
alfalfa occurred as with raw potato plugs. Sweet potato gave unique re¬ 
sults in that cell separation occurred with no breakdown in individual cell 
walls. 

discussion 

From the standpoint of plant pathology, the most significant of these 
results is that pointing to the possible presence of a mixed bacterial flora 
in healthy storage organs. While bacterial types have not been identified, 
it is obvious that they may represent common soil forms. Sanford (12) 
cut thin sections from the stele in the stems of potatoes and beans from 
which he isolated a mixed bacterial flora. Taproots of sweet clover and 
alfalfa likewise yielded bacteria. He also isolated bacteria from the xylem 
of large potato tubers. 

The method of isolation used in these tests was not sufficiently sensitive 
to detect the presence of bacteria in all healthy material tested; indeed, 
the majority of separate units yielded no bacteria. This indicates that the 
bacteria arc present in small numbers. 

Two principal types of entry portals are suggested by this and previous 
work. Sanford’s results indicate that the bacteria are present in the vas¬ 
cular system of plants. This would suggest that bacteria may enter through 
natural wounds caused by emergence of secondary roots and that then they 
could be translocated to upper parts of the plant. Bacteria gaining en¬ 
trance in this way should be present only in small numbers and their trans¬ 
location into tubers then is a function perhaps of unusual external condi¬ 
tions. Bacteria may enter directly into storage organs through natural 
openings such as lenticels or through wounds and perhaps even through 
such protective barriers as periderm. If the latter hypothesis is true, we 
would expect to isolate bacteria more readily from surface layers than from 
stelar portions of storage organs and roots. Davidson (4) recently showed 
that bacteria of a soft-rot type gain entry through the stem end and eyes 
of the tuber and proceed along the pith strands into the tuber when these 
tubers are submerged in water for periods up to 5 days. Conceivably bac¬ 
teria could enter tubers in this fashion prior to digging and effect no 
change in their healthy appearance. 

As early as 1897, Zinsser (15) injected common species of bacteria into 
stems, roots, and leaves of various plants. He found that survival of cer¬ 
tain forms occurred over a significant period but there was no multiplica¬ 
tion of bacteria and very little movement from the point of inoculation. 
Berthold (1) found that bacteria and fungi would penetrate into vessels 
of a woody stem as a result of water intake from a cut surface. He found 
that survival of bacteria injected into healthy tissues occurred for as long 
as 10 months but no reproduction of adapted bacteria in the tissues was 
observed. Buromski and Matiushenko (3) as a result of working with 
starch-liberating bacteria of potatoes concluded that cocci and rods v^hich 
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they found present in potato tubers could only develop intensively if the 
cells were ruptured by freezing or asphyxiated by submerging in water, 
both of which would result in death of the cells. Similarly, Romwalter 
and Kiraly (11) concluded as a result of their isolations of yeast from 
gooseberries and grapes that a high carbon dioxide concentration promoted 
fermentation by yeast in healthy fruits, a process which did not occur if 
the fruits were maintained in air. They observed that, after fermentation 
of fruit in closed containers had run its course, the tissues were dead. 
This killing of cells was believed due to the presence of anaerobic bacteria. 
After restoration to air of berries in closed containers, the aerobic bacteria 
became active. It was considered that these were present inside the fruits 
and that conditions were made favorable for their growth by the previous 
decomposing activities of anaerobes. 

These results show that furtherance of knowledge as to the occurrence 
and role of bacteria in healthy plant tissue may depend upon unusual 
methods of isolation. Obviously, bacteria can be isolated by bringing the 
organisms into contact with favorable nutrient substrates. The results 
above indicate the necessity, in some cases at least, of altering the nat¬ 
ural substrate so that bacteria present in small numbers may develop in 
situ. 

SUMMARY 

1. Evidence is presented, from isolation studies involving more than 
1000 submerged plug cultures, which points to the possible presence of 
bacteria in healthy storage organs of potato, red beet, turnip, carrot, and 
kohlrabi. 

2. The results suggest that a mixed bacterial flora may be present. 

3. Two morphologic types of bacteria comprising a clostridial form and 
a Gram negative rod were found to be responsible for breakdown of potato, 
carrot, and alfalfa tissue with liberation of cell contents, principally raw 
starch. 

4. The two organisms were separated by means of heat treatments and 
dilution and grown in pure culture. 

5. Blackening of potato plugs due to formation of melanin pigments 
occurred in characteristic fashion in individual tuber units. 

Department of Plant Pathology 
University of Nebraska 
Lincoln, Nebraska 
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MICROASCUS TRIGONOSPORUS PROM CEREAL AND 
LEGUME SEEDS 
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During the course of studies on seed-borne fungi in barley, oats, wheat, 
and soybeans, isolations of a species of Mwroascus which resembled very 
closely M. trigonosporus Emmons and Dodge (2) were secured in great fre¬ 
quency. Since the seeds were surface sterilized before plating, it was of 
interest to study whether the Microascus species was of the nature of a 
pathogen. A review of literature indicated that two records of the occur¬ 
rence of Microascus species had been reported in the United States: M, 
intermedins Emmons and Dodge on diseased strawberry roots in North 
Carolina (2) and M. lunasporus Jones isolated from,the dermal infec¬ 
tions on the human hand (3). The latter was similar to M, trigonosporus 
Emmons and Dodge (2) also secured from the dermal infections of the hand 
of a man in Puerto Rico. These reports of possible pathogenic nature of the 
fungus led the writers to study the isolates from barley, oats, wheat, and 
soybeans in some detail. 

MATERIALS AND METHODS 

The seed samples used in the present studies were collected in different 
localities in the United States. Some of these samples were a few months 
from harvest and others were as old as twenty-five years. The seed sam¬ 
ples were divided down to approximately 100 kernels in each lot and were 
surface sterilized by suspending in coarse cotton cloth and dipping into a 
solution of 1 part 95 per cent ethyl alcohol and 2 parts Chlorox solution 
(5.25 per cent sodium hypochlorite). The treatment period in the hypo¬ 
chlorite solution was one minute for barley, soybeans, and wheat, and 30 
seconds for oats. The surface sterilized seeds were plated on potato-dex¬ 
trose agar at the rate of ten seeds per Petri dish and incubated at 20° C. 
for 4-6 days. Observations for the developmental stages of conidia and 
perithecia were made at various intervals. 

ISOLATION AND MICROSCOPIC STUDY OF THE FUNGUS 

The first series of isolates of Microascus were made from ‘‘Mammoth 
yellow’’ soybeans grown in Alabama and stored longer than six months. 
The grayish-white colonies of the Microascus developed around the sur¬ 
face-sterilized seeds. In a similar manner barley, oats, and wheat kernels 
yielded the characteristic colonies of the Microascus when they were sur¬ 
face sterilized and plated on potato-dextrose agar (Pig. 2, A, B). In one 
sample of barley that had been stored in bottles in the laboratory longer 
than 25 years, profuse development of the Microascus colonies was noticed 
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on all kernels 2, A). The Microascus has been isolated from seeds 

secured from the following places in the United States: 

Soybeans (Mammoth yellow variety)—Alabama. 

Barley—Brookings, South Dakota; Fargo, North Dakota; East Lansing, 
Michigan; Mt. Morris and Urbana, Illinois; Crookston, Waseca, 
and St. Paul, Minnesota; Ames and Kanawah, Iowa; Madison, 
Wisconsin. 

Oats (Vicland)—Madison, Wisconsin; Thermopolis, Wyoming. 

Wheat—Madison, Wisconsin. 

The fungus apparently is distributed widely in the United States. 

The fungus on potato-dextrose agar first formed dull, white colonies 
composed of fine and closely interwoven hyphae that imparted a bactcrioid 
consistency to colonies. As development proceeded, hyphal branches grew 
erect and developed conidiophores and catenate conidia characteristic of 
Scopnlariopsis Bain., which has been shown by previous investigators (1, 2, 
3) to be the conidial stage of Microascus, • 

The several isolates from barley, wheat, oats, and soybeans were com¬ 
pared morphologically. They were found similar and it was evident that 
they belonged to the same species. The life cycle of the fungus was studied 
in culture. The conidial stage developed first with conidia produced on 
aerial hyphae. Conidiophores were simple or branched and bore at the 
tip a single sterigma or verticil of sterigmata (Pig. 1, D). Conidia were 
formed in catenulations that either separated early or remained firmly 
united for a long time. Spores were ovate to lemon-shaped, smooth, and 
measured 2.5-3.3 x 4-5.5 /x. 

Perithecia formed soon after development of conidia, appearing first as 
scattered, minute black specks. As perithecia developed in large numbers, 
the colonies turned black. The early stages of the development of the as- 
cocarp have been given in detail by Emmons and Dodge (2) and Jones (3). 
Young perithecia were yellowish-brown with lax hyphae enveloping them; 
as they matured they turned carbonaceous black. The ostiole was well de¬ 
veloped (Pig. 1, A) and the ostiolar beak varied from a mere protuberance 
to an elongated neck and resembled those figured by Curzi (1) for Micro¬ 
ascus cirrosus Curzi. Arrangement of the asci within perithecia was char¬ 
acteristic of the Plectascales such as those occurring in the genera Peni- 
cillium, Aspergillus, and Thielavia as mentioned by Emmons and Dodge 
(2) and Curzi (1). The mature ascus was globose to spherical, with eight 
triangular ascospores (Pig. 1, B) that were released when the wall of the 
ascus deliquesced. Mature ascospores were triangular to slightly crescen- 
tric (Fig. 1, C; and Pig. 2, C), reddish brown, 3.0-3.5 x 4.5-5.2/x. They 
were discharged in long cirri bound together by a gelatinous matrix as in 
some of the other species. In old drying cultures, some of these spore 
tendrils were several millimeters long and very conspicuous (Pig. 1, A). 
The shape of the ascospores has been over-emphasized in some of the species 
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Fia. 2. Microascus trigonosporus from barley and oats. A. Platings of 25-ycar-old 
barley seed with colonics of Microascus from the seeds (Natural size). B. Platings of 
freshly harvested and naturally infected oats (Natural size). C. Photomicrograph of 
asci and ascosporcs (About 750 x). 
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described. While the elliptic ascospores of M. sordidus are distinct from 
the triangular spores of M, trigonosporus, there is very little difference be¬ 
tween the lunate spores of M. lunasporus and M. cirrasus. Since the 
Microascus species under study resembled M. trigonosporus, in most of the 
essential characters, it is proposed to refer the isolates described here to 
that species. M, trigonosporus has been known so far only from the type 
locality (Puerto Rico) where it was isolated from dermal infection of man. 

THE FUNGUS IN RELATION TO HOST TISSUE 

Repeated isolation of mycelium of the Microascus from surface sterilized 
seeds, indicated that the fungus was within the seed tissues. Studies were 
undertaken to determine the location of the fungus in the tissue and its 
early development. Seed externally infected with the fungus showed no 
evidences of disease symptoms, either in the dormant state or during germi¬ 
nation. The staining methods used to locate dormant mycelium within tis¬ 
sues of dry seeds were unsuccessful. Kernels, surface sterilized and plated 
as described previously, were sectioned and stained with cotton-blue lacto- 
phenol after 3 days’ incubation at 20® C. Hyphae were located in the 
tissues of floral bracts and pericarp. In the pericarp, hyphae were con¬ 
centrated as interwoven masses three to four cell layers beneath the epi¬ 
dermis. Since the hyphae were growing rapidly, ramifying branches 
were observed easily in spite of their delicate nature. In cells of floral 
bracts, hyphal strands were more numerous and generally distributed. 

The fungus invaded seedling tissues causing only slight macroscopic 
evidence of infection. On agar plates, mycelium developed on the surface 
of roots and especially coleoptiles of germinating seedlings. Light cinna¬ 
mon-brown, amorphous substances within and between cells were evident in 
sectioned material. Sections of coleoptiles showed penetration of the epi¬ 
dermis and establishment of mycelium in the tissues (Fig. 1, F). The fine 
hyphae ramified rapidly, both inter- and intracellularly through the paren¬ 
chyma. The fungus entered and ramified freely in cortical tissue around 
secondary roots. Hyphae appeared in small aggregates in the cortex ad¬ 
jacent to the stele. Further development in seedlings was not followed. 
Seedling inoculations gave no evidence of definite necrosis or reduced vigor 
among seedlings of cereals or soybeans. 

Seed infection was studied by inoculating florets of barley and oats. 
The seed-borne nature of the fungus was established by plating and from 
sections of the cereal kernels. Bafley and oat flowers at anthesis were in¬ 
oculated with a water suspension of ascospores. Spore suspension was 
placed inside the floral bracts, without injury to the developing ovary, by 
means of a hypodermic needle; the inflorescences were enclosed in paper 
bags until the kernels were mature. Controls using sterile water were in¬ 
cluded in the series. Kernels from the inoculated flowers were well devel¬ 
oped and showed no external evidence of infection. 
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The ripe grain was surface sterilized and plated. In one half of each 
lot the lemma and palea were removed completely; these structures and 
the naked caryopses were surface sterilized and plated on potato-dextrose 
agar. In the other half the hulled kernels were surface sterilized and 
plated. After seven days at 20*^ C. colonies of Microascus had developed 
from all kernels and floral bracts plated. 

The fungus apparently persists within the enveloping tissue in dormant 
seeds of several crop plants. Blossom inoculation establishes the fungus 
in pericarp tissues and it is probable that natural infection occurs in a 
similar manner. Mycelium penetrated and ramified within the tissues of 
seedlings with only slight necrosis of the invaded tissues and no apparent 
damage to host development. This type of infection may be characteristic 
of a group of fungi commonly plated from seed. 

Wisconsin Agricultural Experiment Station, 

Madison, Wisconsin. 
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THE EFFECT OF SOAKING COTTON SEED ON THE INCIDENCE 
OF ANGULAR LEAP SPOT IN NEW MEXICO AND ARIZONA 

A. R. Leding and L. A. Brinkerhofpi.2 
(Accepted for publication July 26, 1948) 

Seed disinfection by water-soaking was suggested by Boughey*^ as a 
possible substitute for (fhomical disinfectants in controlling angular leaf 
spot of cotton in Egypt during the recent war. Primary infection was 
greatly reduced in the Egyptian studies when contaminated seeds were 
soaked in irrigation water for 48 hours. With Boughey’s experiment in 
mind, water-soaking was included in angular leaf spot control tests at 
State College, New Mexico, and at Sacaton, Arizona, during the summer of 
1942. As the first year’s results were not in agreement with the Egyptian 
experiments the tests were repeated at both stations. 

MATERIALS AND METHODS 

At Sacaton, Arizona, naturally infested seed of the American-Egyptiaii 
variety SxP, Gossypiuni harhademe L., was used for Test 1, and the re¬ 
lated variety Pima for Test II. Seed of the latter was sprayed with a 
culture of Xanthomoms malvaceanim (E.P.Sm.) Dowson and then thor¬ 
oughly air dried. For Tests III and IV at Sacaton and Test III at State 
College, New Mexico, seed of SxP was similarly inoculated. Seed of the 
upland variety Acala 1517, Cr. hirsutum L., obtained from naturally in¬ 
fected plants served for the remainder of the tests at State College. 

The various lots of seed were soaked at ro’om temperature and then air 
dried. The 48-hour period recommended by Boughey caused sprouting at 
the temperatures which prevailed at Sacaton, Arizona, during April of 
1942 and 1943; consequently, the soaking period was reduced to 24 hours 
in April and to 12 hours in May. At State College where lower spring 
temperatures prevail, the 48-hour period was employed. Seed for Test 

III at both stations came from the same lot and was soaked at Sacaton for 
24 hours. A 5-miiiute and a 1-hour soaking period were included in Test 

IV at State College in 1944. 

The tests were conducted in the field and the seedlings grown under 
ordinary farm practices, each station using methods adapted to its area. 
Pre-planting irrigations supplied moisture for germination and growth of 
the seedlings for the duration of the tests except for Test IV at State Col¬ 
lege, which was irrigated before the final count was taken. 

The percentages of plants infected with angular leaf spot (Tables 1 

1 Agronomist and Associate Pathologist, respectively, Division of Cotton and other 
Fiber Crops and Diseases, Bureau of Plant Industry, Soils and Agricultural Engineering, 
United States Department of Agriculture, 

2 The plantings at the United States Field Station, Sacaton, Arizona, were supervised 
by the late C. J. King. 

3 Boughey, A. S. Cotton seed disinfection in wartime. Nature 149: 50-51. 1942. 
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and 2) are believed to represent primary infection in most instances. 
Where there remains a possibility that infection may have resulted from 
inoculum borne by rains or irrigation water this is indicated in footnotes 
accompanying each table. Three replications were used e.xeept in Tests I 
and II at State College which contained 2 and 5, respectively. 

TABLE 1 .—The effect of soaking cotton seed on the incidence of angnlar leaf spot 
in cotton seedlings at the United States Cotton Field Station, State College, New Mexico* 


Test number, period, and 
treatment^ 

Number of 
seedlings 

Percentage of seedlings 
infected with angular 
leaf spot 

I.c April 18 to May S3, 194S 



Soaked 48 hours . . 

2221 

30.3 

Not soaked. 

1773 

4.1 

TT.c May 1 to May 30^ 194S 



Soaked 48 hours 

346 

58.1 

Not soaked 

350 

9.7 

lll.d April SI to May S7,1943 



Soaked 48 hours 

1648 

28.1 

Not soaked 

1264 

1.3 

IV.e May 11 to June 10, 1943 



Soaked 48 hours 

1604 

24.2 

Not soaked 

V.^ April SI to May S€, 1943 

Soaked 24 hours (clear water) 

889 

0.9 

188 

26.6 

Soaked 24 hours (silty water) 

199 

15.6 

Not soaked 

177 

0.6 

Vl.f May 19 to June 19, 1944 



Soaked 48 hours . 

217 

18.0 

Soaked 1 hour . 

205 

10.0 

Soaked 5 minutes . 

211 

8.5 

Not soaked .. .. 

194 

1.0 


a Tho data represent a summation of 2 replicates for Test I, 5 replicates for Test II, 
and 3 replicates for each of tho remaining tests. 

b Naturally infested seed of the upland variety Acala 1517 was used for all except 
Test V which was planted with artificially inoculated seed of the American-Egyptian 
variety 8 x P. 

0 There was no rain between seedling emergence and tho date the final counts were 
taken. All infection is considered primary. 

dRains* occurred as follows: May 20, .02 inch; May 22, .06 inch. Probably little 
secondary infection occurred. 

« Rains occurred as follows: May 20, .02 inch; May 22, .06 inch; May 29, .67 inch; 
May 30, .05 inch. Irrigation water was applied June 9. Secondary infection probably 
occurred. 

t Rains occurred as follows: May 27, .39 inch; June 6, .40 inch. Secondary infection 
probably occurred. 


RESULTS 

Results of six trials at State College, New Mexico, are shown in table 1; 
table 2 presents the results obtained at Sacaton, Arizona. In all instances 
at State College soaking caused marked increases in the incidence of angular 
leaf spot, and this was also true for two of the four tests at Sacaton. The 
primary lesions tended to be more numerous in the seedlings from soaked 
seed. Angular leaf spot failed to develop in seedlings from nonsoaked seed 
in Test III at Sacaton in 1943, a very dry spring. The seed soaked in clear 
water, however, produced 16.5 per cent infected seedlings in the same t„st. 
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TABLE 2.— The effect of soaking cotton seed on the incidence of angular leaf spot 
in cotton seedlings grown at the United States Field Station, Sacaton, Arizona^ 


Test number, period, and 
treatment** 

Number of 
seedlings 

Percentage of seedlings 
infected with angular 
leaf spot 

I.c April 1 to May 3,1943 



Soaked 24 hours. 

39 

69.2 

Not soaked . 

45 

26.7 

II.c April 1 to May 3, 1943 



Soaked 24 hours. 

590 

1,2 

Not soaked . 

Ill.d April 14 to May 11,1943 

Soaked 24 hours (clear water) . . 

832 

0.1 

683 

16.5 

Soaked 24 hours (silty water) . 

760 

6.2 

Not soaked. 

766 

0.0 

IV.d May 10 to June €, 1943 



Soaked 12 hours . 

1425 

0.2 

Not soaked . 

2008 

0.0 


» The dJita represent a summation of 3 replicates for each test, except Test I. 

Test I was planted with naturally infested seed while Tests U, III, and IV were 
planted with artificially infested seed. The American-Egyptian variety S x P was used 
for all but Tost II which was planted with the related variety Pima. 

eRains occurred as follows: April 12, .10 inch; April 21, trace; April 22, .10 inch; 
April 23, .40 inch; April 24, .67 inch; April 29, trace. Some secondary infection probably 
occurred. 

No rain fell for the duration of the test. All infection is considered primary. 

The use of silty flood water resulted in a lower percentage of the disease 
than did the clear water at both stations; nevertheless, there was still a 
signifleant increase over the nonsoaked seed. The two shorter soaking 
periods included in Test VI at State College caused increases in infection 
which were intermediate between the results for the check and the 48-hour 
soaking. 


DISCUSSION AND CONCLUSIONS 

Boughey'^ notes that according to a previous author (Massey, Rep. 
Gezira Agric. Res. Serv. 1933, 1934), the angular leaf spot organism is 
destroyed when cotton fields are flooded for four days, this action being at¬ 
tributed by that author to the action of a bacteriophage. Boughey him¬ 
self, however, says, ‘‘Prom laboratory experiments it would appear that 
the organism disappears from the surface of the seed, not through the 
activity of a bacteriophage, but through exposure to anaerobic conditions. 
These conditions are the result of bacterial activity and oxygen absorption 
by the germinating seeds. The growth of B, malvacearum in culture is 
closely conditioned by the amount of oxygen present.” Whatever the 
agent or mechanism effective in the Egyptian tests, it was obviously not 
operative under the conditions that prevailed in Arizona and New Mexico. 

The fact that water-soaking cotton seed tends to increase the primary 
infection of angular leaf spot in Arizona and New Mexico may at times be 
of economic significance. Growers occasionally soak fuzzy cotton seed be- 

♦ Op. cit. 
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fore planting to insure rapid germination. The tests reported in this paper 
indicate that angular leaf spot may be considerably increased by this 
procedure. 

United States Cotton Field Station, 

State College, New Mexico, 

AND 

United States Field Station, 

Sacaton, Arizona. 



AN EVALUATION OP CERTAIN SUBSTITUTED PHENOL ESTERS 
FOR THE TREATMENT OP COTTON SEED' 

C. H. Arndt 

(Accepted for publication July 30, 1948) 

One of the objectives in recent experimentation with fungicides has been 
the discovery of a chemical that would be less irritating to the operator 
and less toxic to animals than most of the fungicides now in general use. 
This applies especially to the treatment of cotton seed, for which there are 
frequently surpluses of unplanted treated seed that could be profitably 
used for oil extraction. Preliminary tests have indicated the possibility of 
the extraction of marketable oil from cotton seed treated with zinc 2,4,5- 
trichlorophenate; while laboratory tests (8) and field plantings (4) indi¬ 
cate that it is an effective fungicide for seed treatment. The irritating 
properties of commercially available dusts that contain this chemical may 
cause some inconvenience in their use; nevertheless, the hazards associated 
with their use are relatively small. This paper presents results of studies 
made to ascertain whether available esters of 2,4,5-trichlorophenol and 
related phenols might be effective fu igicides and be less irritating to the 
operator Avhen used for the treatment of cotton seed. 

The seed of the cotton plant when infested by Colletotrichum gossypii 
South, supply an excellent criterion of the effectiveness of a fungicide, 
since (a) seed copiously infested by this pathogen are usually available, 
and the virulence of the fungus is maintained when the seed are stored at 
l°-3° C. (2), (b) seedling infection by this pathogen is readily obtained 
under standardized conditions (1), and (c) the lint remaining on the seed 
after ginning makes it essential that an effective fungicide be volatile to 
some degree. 

METHODS 

Results obtained when seed infested by Colletotrichum gossypii were 
germinated on water agar (1) and unpublished results obtained when simi¬ 
lar seed were grown in sand culture have shown that a soil temperature of 
24° C. apx)roximates the optimum for the maximal infection of seedlings 
by this pathogen. Accordingly, treated seed were germinated in sand cul¬ 
tures that were placed in cases in which air temperature was maintained 
at 24,5° C., while the sand temperature was generally about 0.5° C. lower, 
because of evaporation from the cultures. 

The data for seedling emergence and infection for each chemical are 
based on a triplicate planting of 32 seeds. Each group of 32 seeds was 
grown in an aluminum container, 18 cm. in diameter and 10 cm. deep, into 
which was placed 2500 gm. of steamed river sand. The water holding 
capacity (field capacity) of the actual mass of sand, as used, was 31.3 per 

1 Technical contribution No. 154 of the South Carolina Agricultural Experiment 
Station. 
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cent. Water was added to obtain a moisture content of 80 per cent of this 
amount to assure that there would be adequate aeration for rapid j,a*rmina- 
tion. The water added, 625 ce., contained mineral nutrients in the follow¬ 
ing concentrations: KNOa, 0.002 M; NHJIaPO,, 0.001 M; CaCNOa).,, 0.004 
M; and MgS 04 , 0.001 M. After the water was added, the sand was thor¬ 
oughly stirred with an icepick and its surface leveled. Preliminary experi¬ 
mentation had shown that a thorough stirring of the sand is essential for 
rapid and uniform seedling emergence, probably because of the increased 
aeration of the sand. A planting guide into which 32 regularly spaced 12- 
min. holes had been drilled was placed on the surface of the sand; one seed 
was dropped into each hole; and the seeds were finally forced into the sand 
to a depth of 2.5 cm. with a wooden punch 10 mm. in diameter. The seeds 
were covered with sand by stirring its surface with an icepick. 

A relative humidity of about 75-80 per cent was maintained in the 
eases and the water loss fiom each culture after 7-8 days amounted to 100 
to 150 cc. At this time the sand was brought to the initial moisture con¬ 
tent by sprinkling water on its surface. Preliminary tests had indicated 
that the addition of water at this time with the associated packing of the 
moist sand around the bases of the hypocotyls tended to increase the num¬ 
ber and severity of the anthracnose lesions, which improved the evaluation 
of the chemicals under test. 

The cultures were not illuminated until after seedling emergence was 
almost completed, usually the 5th day, after Avhich the cases were irradi¬ 
ated by three, 40-watt fluorescent lamps 10 cm. above the glass tops of the 
cases, or about 70 cm. above the seedlings. Irradiation did not seem to in¬ 
fluence the final results, but did induce a more normal type of seedling 
growth. Seedling counts were made after 4, 5, 6, 7, 10, and 12 days to ob¬ 
serve any effect of treatment on seedlingxemergence and on the severity of 
infection. On the 12th day the seedlings were removed from the sand to 
obtain data on seedlings that had lesions on the hypocotyls. Since 12 
days were sufficient for maximal seedling infection but not for maximal in¬ 
jury to seedlings, no additional information would have been obtained by 
a longer growth period. Since the earlier counts showed no definite ef¬ 
fect for any chemical at non-toxic dosages on the rate of emergence, the 
data, unless otherwise specified, indicate the total number of seedlings that 
were infected on the 12th day. Control cultures of untreated seed were 
grown in each test. The number of emerged seedlings was generally about 
the same as that for the more effective fungicides, but the number of un¬ 
infected seedlings was small, ranging from 0 to 6 for the particular lot of 
fuzzy2 Delfos 651 seed used. This seed was stored at 3° C. until treated 
with the chemicals. 

For convenience in making comparisons among the chemicals studied, 
all dosages are reported in grams of the active chemical per kilogram of 

2 Seed from which the longer seed-coat hairs have been removed in ginning, bu+ not 
the shorter hairs that constitute the linters. 
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seed, although the chemicals were diluted with the requisite amount of 
micronized pyrophyllite to permit the application of the dust at a rate not 
less than 3 gm./kg. of seed, a rate application well below the maximal that 
would be retained by seed. The chemicals,® when initially prepared, were 
mixed with an equal weight of micronized pyrophyllite, after which the 
mixture was ground in a ballmill until a suitable dust was obtained. All 
dusts adhered well to the seeds. Other dilutions were obtained by adding 
the requisite amount of prophyllite to the 50 per cent dust. After the 
requisite amount of dust was added to the seeds (usually 200 gm.), the 
seeds were agitated for 10 minutes in a mechanically rotated churn. The 
seeds were then stored in a paper container at 20°~26° C. for 24 hours 
before planting. 

The comparatively sharp melting points of most of the chemicals used, 
table 1, would indicate that they were relatively pure. This does not 
apply to the 2,3,4,6-tetrachlorophenyl acetate, which yielded materials of 
widely different melting points on recrystallization. It ^s assumed that 
the effects reported are due to this chemical, but the possible toxicity of 
impurities is not precluded. Although the planting unit for a single test 
of a given dosage of each chemical was a triplicate planting of 32 seeds, 
most of the results were confirmed by comparable data from two or more 
tests, particularly at the 2 gm./kg. dosage. 

Statistical analyses of the data showed that differences in emergence 
of less than 15 per cent were not significant at the 1 per cent level. This 
relatively high difference required for significance was largely due to the 
difficulty of detecting all manifestly defective seeds before planting. Since 
the criterion of fungicidal effectiveness in thqse tests was the protection 
afforded seedlings against infection by Colleteirichum gossypii, the original 
data were recalculated to show the percentage of infection. Analyses of 
these percentages showed that a difference of 5.5 per cent was significant 
at the 1 per cent level. 

RESULTS 

A much greater effectiveness in reducing seedling infection by Colleto- 
trichum gossypii for the formate, acetate, and propionate esters of 2,4,5- 
trichlorophenol than for the laurate, benzoate, succinate, and carbonate 
esters is indicated by the data on seedling infection, table 1. The results 
for the benzoate may not be entirely comparable to those for the other 
esters, since the dust prepared from this chemical was somewhat less dusty 
than that prepared from the other chemicals. 

The position and number of the chlorine substituents influenced the 
fungicidal activity to a lesser degree than did the acidic radical. Thus, 
the 2,4,6-tri- and 2,3,4,6-tetrachlorophenyl acetates were almost as effective 
as the 2,4,5-ester; while the 2,3,6-tri- and pentachlorophenol esters were 
slightly less effective. Similarly, the substitution of bromine for chlorine 

3 Chemicals were supplied by Dr. W. S. Gump, Givaudan-Delawanna, Inc., New York, 
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in the 2,4,5- and 2,4,6-trichlorophenyl acetates did not greatly affect the 
fungicidal activity. 

Seeds treated with Ceresan-M (7.7 per cent ethyl mercury p-toluene 
sulfonanilide) and Dow 9B (50 per cent zinc 2,4,5-trichlorophenate) at a 
rate of 3 gm./kg. were also included in several of the tests. The emer¬ 
gence for seed treated with either of the dusts averaged about 75 per cent, 
and 2 to 4 per cent of the seedlings were infected by Colletotrichiim gos- 
sypiL This percentage of infection is without significance, since a com¬ 
parable test with acid-delinted seed indicated that a small percentage of 

Table 1. —Results from the germination in steamed sand of 96 cotton seeds infested 
hy Colletotrichum gossypii after treatment with various phenyl esters. Dosages given 
indicate grams of active chemical per kilogram of seed 


Melting Seedlingsb Dosages 

Chemical point j " 

“C. Emerged Tested Toxic^ 


1. 2,4,5-trichlorophonyl formate . 


2. 

Do 

Do 

acetate 

3. 

Do 

Do 

propionate 

4. 

Do 

Do 

laurate . 

5. 

Do 

Do 

benzoate 


6. Bis(2,4,5-trichlorophenyl) carbonate 

7. Bis(2,4,5-trichlorophenyl) succinate 

8. 2,4,5-tribromophenyl acetate . 

9. 2,3,6-trichlorophenyl acetate . 

10. 2,3,6 trichlorophenyl benzoate . 

11. 2,4,6-trichlorophenyl acetate . 

12. 2,4,6-trichlorophenyl benzoate . 

13. 2,4,6-tribromophenyl acetate . 

14. 2,3,4,6-tetrachlorophenyl acetate . 

15. Pentachlorophenyl acetate . 

16. o-nitrophenyl acetate. 

17. p-nitrophenyl acetate . 

18. 2,4-dinitrophenyl acetate . 

19. 4-chloro-3,5-dimethylphenyl acetate .. 


72- 73 

69 

3 

2-4 

4 

67- 68 

75 

1 

0.5-4 

3 

59- 63 

73 

8 

2-4 

2 

60- 61 

74 

44 

2-3 

. 

85- 88 

72 

21 

0.75-3.0 

3+ 

170-171 

57 

36 

2-8 

8f 

138-139 

53 

47 

2-3 

. ... 

98-100 

71 

2 

0.32-3 

3 

40- 42 

72 

11 

2 

. 

89- 91 

69 

61 

2 


49- 52 

65 

2 

0.5-4 

2 

71- 74 

73 

46 

2 


82- 85 

73 

12 

2-4 

4 

70-110« 

76 

3 

0.25-2 

0.72-1 

148-151 

59 

9 

2-4 

2 

37- 39 

73 

43 

1-2 

2 

77- 80 

71 

16 

0.5-2 

2 

71- 73 

72 

20 

2 

2 

47- 48 

73 

16 

2 



a Prepared from technical grade chemical, Bowicide No. 6. Recrystallization of this 
chemical did not result in a product with a definite melting point. 

b Dosage 2 gm./kg. of seed; except 1 gm./kg. dosages for Nos. 8, 16, and 17; and 0.5 
gm./kg. for No. 14, which chemicals were toxic at the higher dosages. 

c Toxic to cotton seedling as indicated by stunting or discoloration of hypocotyl. 

the seeds were internally infected by this fungus; and no fungicide thus 
far tested has prevented the growth of this fungus on seedlings that de¬ 
velop from internally infected seeds. 

The dosages at which the chemicals were toxic to the seedlings varied 
from 0.75 gm./kg. for the tetrachlorophenyl acetate to 2 gm./kg. or higher 
for most of the other chemicals. The carbonate ester showed no toxicity at 
8 gm./kg. The first indication of toxicity was a slightly delayed emergence, 
which was usually associated with abnormal directional growth of the pri¬ 
mary root. The direction of the growth might be horizontal or even almost 
vertical for several centimeters (Pig. 1). At dosages that were only slightly 
toxic, this retardation of growth was only temporary, and the seedlings 
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grew as rapidly as those at non-toxic dosages after normal directional root 
growth was assumed. Six chemicals, 2,4,5-trichlorophenyl acetate, 2,4,5- 
tribromophenyl acetate, 2,4,5-trichlorophenyl propionate, tetrachlorophenyl 
acetate, pentachlorophenyl acetate and o-nitrophenyl acetate, tended to 
cause a discoloration of the hypocotyl in proximity to the treated seed coat 
at dosages which approximated those at which abnormal root growth oc¬ 
curred. These blackish discolorations, at times, extended upward in lines on 
the hypocotyls for several centimeters above the position of the seed coat. 
The 2,4,6-trichlorophenyl acetate caused no discoloration at toxic dosages, 
although the seedlings were definitely stunted and the hypocotyls of smaller 
diameter than those of normal seedlings. 



Fig. 1. Abnormal directional root growth-of seedlings that developed from seed 
treated with 2,4,5-trichlorophenol at 3 gm./kg. Normal root at left. 

After the initial tests had indicated the fungicidal properties of the 
four chemicals listed in table 2, further studies were made to ascertain the 
range of elfective dosages and the maximal dosage that would not be toxic 
to the cotton seedling. The results show almost no safety factor for the 
2,4,6-trichlorophenyl acetate, since it was not fully effective at 1.5 gm./kg. 
and was toxic at 2.0 gm./kg. The tetrachlorophenyl acetate with an effec¬ 
tive dosage of about 0.5 gm./kg., with an indication of toxicity at 0.75 
gm./kg., and with a definite toxicity at 1.0 gm./kg., had only a slightly 
greater safety factor. In contrast, the 2,4,5-trichlorophenyl acetate had a 
safety factor of at least 3, since it -was effective in all tests at 0.75 gm./kg. 
and had no definite toxicity to the seedlings until a dosage of 2.5 to 3.0 
gm./kg. was used. This ester varied greatly in its effectiveness at 0.5 
gm./kg; the infected seedlings in several tests ranged from 5 to 31 per cent, 
a variation that might be expected at a dosage approximating the minimal 
effective dosage. The 2,4,5-tribroinophenyl acetate had a somewhat greater 
safety factor than the corresponding chlorine compound, since it was more 
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effective than the latter compound at dosages below 0.75 gm./kg; and it 
became toxic at the same dosage, or 3 gm./kg. 

In another test, dosages of 2,4,5-tri- and 2,3,4,6-tetraehlorophenyl ace¬ 
tates at slightly less than the effective dosages, or 0.5 gm. and 0.37 gm., 
respectively, were applied simultaneously in the same dust to 1 kg. of seed. 
Only 3 per cent of the hypocotyls of these seedlings were infected which 
seems to suggest some degree of synergism. The application of 1.5 gm. and 
0.75 gm., respeertively, in the same dust re.sulted in the prevention of all 
seedling infection, but 60 per cent of the roots grew abnormally and 40 per 
cent of hypocotyls had blackened bases, which would indicate that their 
toxicity to the host plant is also additive. 

The seedlings in the cultures planted to seed treated with the carbonate 
ester appeared to be injured earlier and more severely by the anthracnose 
fungus than in those planted to nontn'ated seed. In order to study this 

Table 2. —Comparative percentages of seedlings infected hy Colletotrichiim gossypH 
when the seed were treated with the several dosages of the chemicals indicated^ 


Chemical 


Dosage in gm./kg. 

0.37 0.50 0.75 1.00 1.50 2.00 3.00 


2.4.5- trichlorophenyl acetate . 15 3 3 4 1 0^ 

2.4.6- trichloroi)henyl acetate 57 . 13 8 2b . 

2.3.4.6- tetrachlorophenyl acetate .10 3 3b 3i> . 

'2,4,5-tribromophenyl acetate . 8 7 3 2 4 3 Ob 


a The percentages in most instances arc means for 3 to 4 tests. For convenience in 
summarizing the data, in several instances results at a lower dosage were combined with 
those at the indicated dosage, when the difference in dosage did not exceed 10 per cent, 
b Slightly toxic to the cotton seedling at this dosage. 

more fully, seeds were treated with the dosages indicated in table 3. The 
results seem to indicate a predisposing effect of the carbonate ester, since 
after 8 days more seedlings from the seeds treated with the carbonate had 
visible lesions on the base of the hypocotyl than did the seedlings from non- 
treated seed. The 8-gm. dosage did not retard emergence. 

During these tests a number of other related compounds were tested at 
a dosage of 2 gm./kg. under similar conditions. These chemicals and the 
percentages of infected seedlings were as follows: 2,4,5-trichlorophenyl 
methyl ether, 61; pentachloronitro benzene, 51; bis(5-chloro-2-hydroxy- 
phenyl) methane, 13; bis(5-chloro-2-acetoxyphenyl) methane, 64; and 
bis(5-chloro-3,5,6-trichlorophenyl) methane, 18. Thus, only the third and 
fourth chemicals of this series showed any effectiveness, which was not ad¬ 
equate for the treatment of cotton seed, regardless of their use for the 
mildew-proofing of fabrics (7) and in germicidal soaps (5). The seedlings 
that developed from the seeds treated with the latter of these two chemicals 
had chlorotic spots as large as 0.5 cm. in diameter on their cotyledons. This 
was the only specific pathological effect noted on the tops of the seedlings for 
any of the 24 chemicals included in these tests. 
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In order to ascertain whether the results obtained with Seedox^ in the 
laboratory might be used to evaluate its effectiveness in field plantings, two 
lots of Coker 100-WR cotton seed naturally infested by Colletotrichum 
gossypii were used in the field plantings in 1947. Part of the nontreated 
fuzzy seed of each lot was run through a close-set gin to remove most of the 
longer seed-coat hairs and obtain the reginned seed. Portions of these two 
kinds of seeds were treated with the required amount of Seedox to apply the 
active chemical at rates of 0.5, 1.0, and 1.5 gms. per kg. of seed; other 
portions were treated with Ceresan-M and Dow-9B, each at dosages of 3 
gm./kg., and were included in the plantings for comparisons with Seedox. 
The treated sub-lots of seed, thus obtained, were germinated in sand culture 
as described for the previous tests. 

The seedlings obtained in the laboratory from the nontreated fuzzy and 

Tablk 3. —Effect of his(^,4f5-trichlorophenyl) carbonate on the infection of cotton 
seedlings by Colletotrichum gossypii. Bata are based on 96 seeds 


Dosage 

gm./kg. 

Seedling emergence 

Seedlings infected 

Days 

6 

Days 

8 

Days 

8 

Days 

10 


No. 

No. 

No. 

No. 

0 

63 

67 

27 

60 

2 

70 

70 

39 

68 

4 

62 

62 

38 

62 

8 

73 

73 

44 

73 


reginned seed of lot A were mostly infected by the anthraenose fungus 
(Table 4); for lot B a much smaller percentage of the seedlings from the re¬ 
ginned seed were infected than of those from the fuzzy seed. Such differ¬ 
ences in the effect of reginning on the relative number of seedlings infected 
for fuzzy and reginned seed are not unusual. Only small percentages of 
seedlings were infected in the cultures planted with seed treated with Cere- 
san-M, Dow-9B, and the two higher dosages of Seedox. The somewhat 
higher percentages of seedlings that were infected for the fuzzy and re¬ 
ginned seed of lot B treated with the lowest dosage of Seedox indicate that 
this dosage is too low for effective seed treatment. 

In these plantings, there were only three instances in which the per¬ 
centage of seedlings for a treatment was significantly greater than the 
percentage for another; namely, Ceresan-M and 2 x Seedox relative to 
Dow-9B on the fuzzy seed of lot A in the April 25 planting and Ceresan-M 
relative to 1 x Seedox on the reginned seed of lot B in the April 18 planting. 
Thus, the number of significant differences among these treatments are too 
few to indicate any constant superiority for any of them. The relatively 
low number of seedlings for the 1 x dosage of Seedox on the fuzzy and re¬ 
ginned seed of lot B in the April 18 plantings adds support to the laboratory 

^ Trade name of dust containing 50 per cent of 2,4,5-trichlorophenyl acetate. 
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results which indicated that this dosage was not great enough to completely 
destroy the anthracnose fungus on the seed coat. 

In contrast to the few significant differences among treatments in the 
percentage of surviving seedlings, the percentages for the nontreated seed 
were significantly below those for the best treatment of the same kind of 
seed in all plantings. The percentages of surviving seedlings for the non¬ 
treated reginned seed of lot B were less than the percentage of noninfected 
seedlings (30 per cent infected) in the laboratory for the same sub-lot of 

Table 4. —Comparative results for Seedox, Dow 9B, and Ceresan-M when used to 
treat portions of two lots of cotton seed 


Type of seed 
and 


Seedlings in sand 
culture in laboratory 
at 24°C. 


Seedlings surviving in the field 
(percentage of seeds planted**) 


Percentage 


Percentage 

infected 


Planting date 


treatment 

fmergeu“ 

uy 

gossypii 

Apr. 18 

Apr. 25 

Apr. 

26 






Lots 






A 

B 

A 

B 

A 

B 

A 

B 

B 

Fuzzy seed 










a. Check .. . 

65 

80 

54 

79 

40 

28 

39 

50 

42 

b. Ceresan-M .... 

77 

92 

0 

4 

56 

61 

62 

68 

71 

c. Dow 9B . 

71 

84 

0 

4 

59 

64 

44 

63 

72 

d. Seedox-1 xc ... 


85 


17 


55 


58 

72 

e. Seedox-2 x .. . 

74 

91 

3 

1 

64 

67 

59 

67 

75 

f. Seedox-3 x 


84 


3 


70 


60 

72 

Region cd seed 










a. Check . 

84 

80 

77 

30 

37 

31 

27 

39 

47 

b. Ceresan-M .. . 

80 

83 

1 

0 

57 

60 

46 

58 

68 

c. Dow 9B . 

74 

81 

0 

6 

56 

47 

38 

54 

68 

d. Seedox-1 x 


77 


9 


43 


46 

61 

e. Seedox-2 X . . 

73 

78 

1 

0 

45 

55 

38 

50 

60 

f. Seedox-3 x 


73 

. ... 

0 


48 


43 

67 

L.S.D.d . 





13 

17 

16 

12 

15 


a J3ased on the germination of 32 seeds in triplicate. 

*> Based on a quadruplicate planting of approximately 500 seeds. 

01 X, 2 X, and 3 x indicate dosages of 0.5, 1.0, and 1.5 gra./kg. of seed, respectively, 
of 2,4,5-trichlorophenyl acetate, which was applied in a dust containing 50 per cent 
pyrophyllite as a diluent. 

d Amount required for significance at 1 per cent level between any two treatments. 

seed; while the percentages of surviving seedlings for the other three non¬ 
treated sub-lots exceeded in all plantings the percentages of noninfected 
seedlings in the laboratory. Since these sub-lots were germinated under 
approximately optimal conditions for seedling infection by the anthracnose 
fungus, it may be assumed that the seedlings were less severely injured by 
this fungus in the field than in the laboratory tests, since infected seedlings 
did not survive in the latter tests. Similar differences between nontreated 
and treated seed have been obtained in comparisons between field plantings 
and laboratory tests of previous years. Since these data all indicate a tend- 
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ency for the seedling infection to be more severe in this particular laboratory 
technique than in field plantings, this technique may be considered a more 
rigorous test of the effectiveness of a fungicide in preventing seedling in¬ 
fection by seed-borne myeelia of Collet otrichum gassy pH than are most field 
plantings; but it does not necessarily indicate the protection that a given 
fungicide may afford seedlings against infection by soil-inhabiting pathogens. 

DISCUSSION 

The effective dosage of 2,4,5-trichlorophenyl acetate for the treatment 
of cotton seed is almost identical with the dosage of 0.6-1.5 gm. per kilogram 
of fuzzy seed that Meuli and others (8) found best for the zinc salt of the 
same trichlorophenol. Their data for the latter salt would indicate a some¬ 
what greater tolerance of the cotton seedling for this chemical than for the 
acetate (8), since their data show no depression of germination until a 
dosage of 9 gm./kg. was applied in a 75 per cent dust. In their test, it is 
questionable, however, whether all of the dust adhered to^thc seed at dosages 
above 6 gm./kg. In a field planting of fuzzy cotton seed that had been 
treated with Zn 2,4,5-trichlorophenate at rates of 1.5, 3.0, and 6.0 gm. per 
kilogram of seed, the percentages of emerged seedlings were 65, 55, and 37, 
respectively; which indicates that the zinc salt of 2,4,5-trichlorophenol has 
about the same toxicity to the cotton seedling as the acetate. Meuli et al. (8) 
found that the Na salt of 2,4,6-trichlorophenol was somewhat less effective on 
cotton seed at dosages of 1.0 gm./kg. than the Na salts of the 2,4,5, the tetra-, 
and pentaehlorophenols, which corresponds with their relative effectiveness 
as esters. In contrast to the results of these tests, which showed a much 
greater toxicity of the tetrachlorophenol than of pentachlorophenol ester to 
cotton seedlings, Meuli et al. report greater toxicity to pea seedlings for the 
pentachlorophenc 1. 

These chlorophenols also have been tested for the control of wood-rotting 
fungi. Baechler and Bateman (3) found that 0.002 per cent tetra- or penta- 
chlorophenols in nutrient agar inhibited the growth of the fungus studied 
and that these were among the cheapest of the effective fungicides. These 
studies were extended by Hatfield (6) to include other chlorophenols. 
His data show a comparable toxicity for the 2,4,5-tri- and the tetrachloro- 
phenols and a lesser toxicity for the 2,4,6-trichlorophenol. The concentra¬ 
tion of pentachlorophenol necessary to inhibit the test fungi was greater 
than for the other phenols, but the greater insolubility of this chemical made 
comparisons uncertain. The concentration of the more effective chemicals, 
the Na salts of 2,4,5-tri- and the tetrachlorophenols, necessary to inhibit the 
fungi on the agar medium was 0.001-0.002 per cent, or much less than the 
effective dosages on cotton seed for the 2 4 5-tri- and tetrachlorophenyl 
acetates, or 0.075 and 0.05 per cent, respectively. 

There is no evident correlation between the melting points of the 
chemicals and their fungicidal activity (Table 1). The 2,4,5-trichlorophenyl 
acetate has a slightly higher melting point than the 2,3,6- or the 2,4,6- 
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trichloropheiiyl acetate; yet it is the most effective of these acetates. There 
is, however, a very definite correlation with the position of the chlorine 
substitutents in the benzene ring. The acid entering into the formation of 
the ester is also important; the simpler acids, such as formic and acetic, 
form more effective fungicides than those of higher molecular weight, such 
as lauric and benzoic acids. The data, however, give no indication of the 
physical-chemical properties of the phenol derivatives on which their fungi¬ 
cidal activity might be predicated. No irritation Avas observed while 
treating the seed with any of the esters that hatl been preparetl from rela¬ 
tively pure chemicals, except for the noticeably pungent formate. 

Summary 

(Jotton seeds naturally infested by Colletotrichnm gossypii were treated 
with various substituted phenyl esters and the seeds germinated in sand 
culture at 24° C. At comparable dosages, the acetate of 2,4,5-trichloro- 
phenol was effective in preventing seedling infection by C. gossypii; the 
formate and propionate esters were slightly less effective; while the carbonate, 
succinate, and laurate were not effective. The substitution of bromine for 
chlorine caused relatively little change in effectiveness. The position of 
the Cl atoms in the benzene ring also influenced fungicidal properties. The 
2,3,4,6-tetrachlorophenyl acetate was more toxic to both the fungus and the 
host plant than the 2,4,5-trichlorophenyl acetate; while the chemicals with 
the Cl atoms in the 2,4,6, the 2,8,6 and the 2,3,4,5,6 positions were somewhat 
less effective fungicides. Effective fungicides were not obtained when NO 2 
was substituted for Cl in chlorophenyl acetate. Results obtained in field 
plantings were generally in agreement with the laboratory results and 
indicated that 2,4,5-trichlorophenyl acetate at a dosage of 1 gm./kg. of seed 
is a satisfactory treatment for the elimination of the infestation of fuzzy 
cotton seed by C. gossrypli. 

South Carolina Agricultural Experiment Station 
Clemson, South Carolina 
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STRAINS OF MYCOSPHAERELLA PRAGARIAE^ 

A. G. Plakidas 
(Accepted for publication July 31, 1948) 

In the course of many years’ work with diseases of strawberries, the 
writer obtained observational evidence suj?gestive of the existence of strains 
of the leaf spot fungus, Mycosphaerella fragariac (Tul.) Lindau, varying 
in their pathogenicity on different varieties of strawberry. Other workers, 
also, had apparently made similar observations. In private correspondence 
with the writer, G. M. Darrow pointed out that certain varieties and seed¬ 
ling selections might have a high degree of resistance to this disease in the 
field in Mississippi and extreme susceptibility in North Carolina, or Mary¬ 
land, or vice versa. This was suggestive, at least, that different pathogenic 
strains of the fungus existed in different regions of the country. 

Information on whether or not the leaf spot fungus consists of strains 
differing in their pathogenicity to different varieties of strawberry is of 
great practical significance. Strawberry breeding projects are in progress 
in many State experiment stations as well as in the United States De¬ 
partment of Agriculture. Because of the destructiveness of the leaf spot 
disease in many of the strawberry growing areas of the country, one of the 
chief objectives of the breeders is to produce varieties that are resistant 
to this disease. It is, therefore, pertinent to know whether one is dealing 
with a pathogen which is constant in its reaction or with one composed of 
strains of varying pathogenicity in respect to different varieties. 

It was the object of this study to obtain experimental evidence of 
whether or not strains of Mycosphaerella, fragariac exist. It is believed 
that the data obtained show rather conclusively that this fungus is com¬ 
posed of strains that differ in their pathogenic reaction to different varie¬ 
ties of strawberry. 

MATERIALS AND METHODS 

Fvmgus Strains. The following seven strains (isolates) of the leaf 
spot fungus were used: 

S3—isolated from typical leaf spot lesions on Klondike variety of straw¬ 
berry, from Hammond, Louisiana, 1935. 

S18—^isolated from atypical lesion (large, brown spots without the 
grayish center and purple margin) on Klondike, from Hammond, Louisi¬ 
ana, 1935. 

S83—isolated from typical lesions on leaves of a seedling strawberry 
(No. 820) from Corvallis, Oregon, 1938. 

1 A part of this investigation was done at Cornell University, in 1941, under a grant 
from the General Education Board. The writer wishes to express his grateful appreciation 
to the Department of Plant Pathology, ComeU University for the use of laboratory and 
greenhouse facilities and for many courtesies extended to him: and to the Pomology 
Department, New York (Geneva) Agricultural Experiment Station for supplying many 
of the strawberry varieties used in these experiments. Other duties during the war, and 
immediately after, prevented an earlier presentation of the results of this study. 
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S1388—single-ascospore isolate from dead leaves of wild strawberry 
(Fragaria virginiana) from East Lansing, Michigan, 1939. 

S1502—ascospore isolate, culture obtained from Dr. J. B. Demaree, 
Beltsville, Maryland, 1939. 

S1600—isolated from leaves of Geneva Station seedling No. 19747, from 
Geneva, New York, 1940. 

S1610—isolated from leaves of Klondike, from Hammond, Louisiana, 
1940. 

These seven isolates appeared alike morphologically when grown on 
the same medium and under the same conditions. All produced Ramu- 
laria conidia in great profusion. However, no detailed statistical com¬ 
parison of size and number of conidia or of other characters was made. 

Strawberry Varieties. The following ten varieties were used as differ¬ 
ential hosts: Klondike, Klonmore, Howard 17 (Premier), Marshall, Dres¬ 
den, Caledonia, Clermont, U.S.D.A. seedlings Nos. 1021 and 1942, and New 
Jersey seedling No. 303. 

The reactions of the first four varieties to the fungus, under Louisiana 
conditions, were known from previous experience. The other six were 
selected in the variety test field of the Pomology department at Geneva. 
Leaf spot was rather prevalent in this field and it was assumed that all 
the varieties in it were equally exposed to infection. Therefore, in select¬ 
ing varieties to be used in the inoculation experiments, those that were free 
of disease were tentatively considered resistant and those that were badly 
spotted were considered susceptible. Accordingly, the ten varieties were 
tentatively grouped, at the beginning of this study, as resistant or sus¬ 
ceptible as follows: Klonmore, Howard 17, Dresden, and U.S.D.A. seed¬ 
lings Nos. 1021 and 1942 were considered resistant; Klondike, Caledonia, 
Clermont, Marshall, and New Jersey seedling No. 303 were considered 
susceptible. 

Examination of the results of the inoculation experiments (Table 1) 
will show that with few exceptions these varieties failed to maintain their 
position in this tentative grouping in response to the different strains of 
the pathogen. Thus, the choice of these varieties as differential hosts proved 
a happy one. 

Procedure. The fungus was grown on hard (4 per cent) agar in Petri 
dishes. Beanpod and potato-dextrose agars were used. About 0.5 cc. of a 
conidial suspension in sterile water was placed in each dish and smeared 
on the surface of the agar by rotating the plate. In about a week, the 
surface of the agar was covered with growth which produced conidia in 
great profusion. When ready to use, sterile water was poured into the 
dish and, by means of a soft brush, the conidia were brought into sus¬ 
pension. 

The inoculum was applied to the plants by means of a glass atomizer 
attached to a compressed air line equipped with a reducing valve to logu- 
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late air pressure. Both sides of the leaves were covered with inoculum. 
The plants were f^rowin^ well in 7-ineh pots on rich garden soil. Two 
plants of each variety for each strain of the fungus were used in each ex¬ 
periment, and the experiments were repeated at approximately monthly 
intervals four to six times. Immediately after inoculation, the plants were 
placed in a large moist chamber of saturated humidity and kept there for 
3 days. The temperature of the chamber could be regulated within cer¬ 
tain limits, and in these experiments, it was maintained between 75° P. 
and 80° P. In experiments during the winter months (Pebruary-April) 
at Cornell, the plants were kept in the greenhouse, and daylight was sup¬ 
plemented by 4 hours of artificial illumination. In May and June at Cor¬ 
nell, and in the experiments in Baton Rouge, Louisiana, during the fall 
and winter, the plants were kept outdoors. 

Table 1. —Summary of the results of inoculation experiments with 7 isolates of 
Mycosphaerella fragariae on 10 varieties of strawberry as differential hosts 


Isolate 

Variety - 



S3 

S18 

S83 

S1388 

S1502 

SI 600 

S1610 

Klondike 

-H- 

44 

f 

4 

4 

44 44 

Klonmore 

•H 

44 

T 

4- 

4 

444 444 

Dresden 

44 

4- 

T 

4 

4 

441- 4<- 

Caledonia 

44 

44- 

4+4 

4+4 

444 

444 44 

Clermont 

0 

0 

0 

T 

444 

444 0 

Howard 17 

0 

0 

0 

0 

T 

T 

0 

Marshall 

44 

44 

+ 

4-H- 

T 

444 44 

U.S.D.A. Seedling 

No. 1021 

0 

0 

0 

0 

0 

T 

0 

U.S.D.A. Seedling 

No. 1942 

4- 

4- 

0 

O' 

4 

444 444 

New Jersey Seedling 
No. 303 

4- 

44 

T 

44 

44f- 

444 44 


Where infection occurred, lesions began to appear usually between the 
12th and 15th day after inoculation, and final records were taken 28 days 
after inoculation. A rather coarse system of recording degree of infection 
was used, viz: 0 = No infection; T = trace of infection, not more than 5 
lesions on entire plant; + = light infection, estimated less than 100 lesions 
per plant; = moderate infection, estimated more than 100 lesions per 

plant but less than in next class; +++ = heavy infection, estimated several 
hundred lesions per plant. 

The crudeness of this system is acknowledged, but, since all the readings 
were made by the same individual, it is considered adequate. 

DISCUSSION OF RESULTS 

It is believed that the results of the inoculation experiments, summarized 
in table 1, indicate rather conclusively that Mycosphaerella fragariae is 
composed of strains that vary in their pathogenicity toward different va¬ 
rieties of the cultivated strawberry. The reaction of the variety Cler- 
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mont is particularly clearcut and striking. This variety was heavily 
spotted from natural infection in the variety test field at Geneva, and it 
was, therefore, selected as a susceptible host to be used in this study. In 
the inoculation tests, however, Clermont proved resistant to 5 of the 7 
strains of the fungus, but very susceptible to 2, the Beltsville and the 
Geneva strains. A similar reaction was exhibited by U.S.D.A. seedling 
No. 1942. It proved resistant, or weakly susceptible, to 5 of the 7 strains, 
including the Beltsville (S1502) strain, to which Clermont was very sus¬ 
ceptible; but it was very susceptible to the Geneva (S1600) strain and 
one Louisiana strain (S1610). 

The Oregon strain (S83) was the least pathogenic, of all the strains 
used, toward all varieties except Caledonia on which it was very patho¬ 
genic. 

The Klonmore variety is a cross between Klondike and Blakemore and 
probably inherited its resistance to leaf spot from the latter, which, in 
turn, has the highly resistant Howard 17 as one of its parents. In the 
field in Louisiana, Klonmore generally remains free from leaf spot. Occa¬ 
sionally, it has a limited number of spots, but these usually remain of small 
size and solitary, and very few conidia are produced on them. However, 
when inoculated artificially under high humidity conditions, Klonmore is 
extremely susceptible; the lesions produced are large and typical of the 
disease, and the pathogen sporulates abundantly on tliein. 

It is not known what factor (or factors) is responsible for the field 
type of resistance possessed by Klonmore and some other varieties. The 
results of inoculation certainly do not indicate a chemical type of re¬ 
sistance. Observational evidence indicates that the growth habit of the 
plant may account for the field type of resistance. Klonmore has an up¬ 
right type of growth which aids in the quick drying of the leaf surfaces; 
and it has been shown^ that the strawberry leaf spot pathogen may cause 
infection but apparently remain dormant in the tissue without producing 
external'symptoms (lesions) under conditions of low atmospheric humid¬ 
ity. Regardless of its nature, field resistance is of great economic signifi¬ 
cance. The case of Klonmore is an excellent example of the fact that it is 
unwise for strawberry breeders to depend on artificial inoculation as a 
means of eliminating hybrids susceptible to this particular disease. The 
Klonmore has become the leading commercial variety in Louisiana, occupy¬ 
ing at present about 80 per cent of the total strawberry acreage. If arti¬ 
ficial inoculation had been used as the criterion, this valuable variety would 
certainly have been lost. 

The reaction of the variety Dresden is probably analogous to that of 
Klonmore. This variety was completely free from leaf spot in the variety 
test field at Geneva, and it was, therefore, selected as a resistant host. In 
the inoculation tests, however, it proved susceptible to all strains of the 

2 Plakidas, A. G. The mode of infection of Diplocarpon earliana and Mycosphcprella 
fragariae. Phytopath. 24: 620-634. 1934. 
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pathogen including the Geneva strain (S1600) which was present in this 
field. 

Even more difficult to understand is the type of resistance in Howard 
17 and U.S.D.A. seedling No. 1021. These two varieties have a degree of 
resistance approaching immunity both in the field and when inoculated 
with every one of the strains used in these experiments. This would sug¬ 
gest a chemical type of resistance. However, in a few instances in which 
a limited number of lesions developed from the inoculation (Table 1), the 
spots were typical of the disease in size and color, and the pathogen sporu- 
lated normally on them. No attempt is made to explain this phenomenon. 

Without attempting to explain the nature of resistance, the strawberry 
varieties used in these experiments may be grouped in three general classes. 

I. Those that have resistance both to natural infection under field con¬ 
ditions and to infection by artificial inoculation. Howard 17 and U.S.D.A. 
Seedling No. 1021 are examples of this class. 

TI. Those that have a high degree of field resistance but are very sus¬ 
ceptible when artificially inoculated. The Klonmore, and probably Dres¬ 
den, exemplifies this type of resistance. 

III. Those that are susceptible both to natural infection in the field 
and to infection by artificial inoculation. Klondike, Caledonia, and Mar¬ 
shall are good examples of this class. 

Dei^artment of Plant Pathology, 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana 



THE MOVEMENT OP CROWN-GALL BACTERIA IN ISOLATED 
STEM FRAGMENTS OP SUNFLOVTERi 

R. S. DE RoPP 
(Accepted for publication August 2, 1948) 

INTRODUCTION 

Studies of the movement of crown-gall bacteria in the stems of intact 
plants were undertaken by Smith, Brown, and McCulloch (5), who con¬ 
cluded that the bacteria were located within the cells of the host plant and 
were passively transported in tumor strands. Secondary tumors were 
thought to result from the growth of such strands through the tissues of 
the stem to sites remote from the primary tumor. Later studies by Riker (2) 
indicated that crown-gall bacteria first establish themselves in the stem in 
those water-logged areas which result from wounding. He found that the 
organisms were capable of moving in the tracheae for distances as great 
as 9 cm. when cut tomato stems were immersed in suspensions of bacteria. 
Robinson and Walkden (3) found that, in Chrysanthemum frutescens and 
Nicotiana affinis, zoogleal strands of the bacteria could be demonstrated in¬ 
truding into intercellular spaces and protoxylem vessels, a finding which 
was later confirmed by Hill (1). Suit and Eardlej (6) showed that 
crown-gall bacteria were capable of moving in the xylem vessels of various 
plants and that they could remain in the internodes of tomato plants for 
as long as ten weeks without producing symptoms of crown-gall. 

The studies to be described in this paper were undertaken to throw 
light on the rate of movement of crown-gall bacteria in isolated stem frag¬ 
ments of sunflower cultured in vitro. Stem tissue Avas obtained from four- 
week-old plants of Helianthus annuns L. var. Russian giant. The method 
of preparation of these fragments and the medium on which they were 
grown have been described in an earlier paper (4). Phytomonas tume- 
faciens, strain Brown Peach, was employed in all these experiments. The 
strain was fully virulent, capable of producing tumors both on isolated 
sunflower stem fragments and on intact plants. Suspensions of the or¬ 
ganism were standardized by opacity and viable counts estimated by the 
colony count technique. 

MOVEMENT OF BACTERIA IN FRF^HLY ISOLATED STEM FRAGMENTS 

Fragments of sunflower stem having an average length of 9 mm. were 
placed upright on slopes of nutrient agar, only the physiological base being 
in contact with the medium. A dilute suspension of bacteria was pre¬ 
pared from a 48-hour culture of Phytomonas tumefaciens and a small loop- 

1 This research was supported in part by the Committee on Growth of the National 
Research Council acting for the American Cancer Society. 

The writer is indebted to Miss E. Pieezur for technical assistance in connection 1th 
this work. 
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ful of this suspension was placed on the upper cut surface of the isolated 
stem fragment. Great care was taken to ensure that the drop of bacterial 
suspension made contact only with the cut surface of the fragment. Col¬ 
ony counts indicated that the number of viable bacteria deposited on the 
stem by this means ranged from 10 to 100. At different intervals after the 
application of the suspension, the stem fragments were carefully lifted 
from the agar and removed. The slopes were then incubated for a week 
at 25° C. In those instances where the bacteria had passed through the 
stem fragment, colonies of P. tume facie ns developed on the agar at the 
point on which the base of the fragment formerly rested. The frequency 
of development of these colonies is shown in table 1. 

Table 1 .—The movement of Phytomonas iumefaciens through 9 mm. stem fragments 
of sunflower cultured in vitro 


Interval between application of 
bacteria and removal of stem 
fragment from agar 

Number of tubes with 
colonies of P. 
tumefaciens 

Number of tubes without 
colonies of P. 
inimefacicns 

None 

0 

9 

4 min. 

8 

1 

30 min. 

6 

4 

1 hr. 

3 

6 

4 hr. 

9 

1 

6 hr. 

2 

8 

8 hr. 

6 

3 

12 hr. 

5 

5 

24 hr. 

11 

5 


The results indicate that crown-gall bacteria were capable of passing 
through a 9-mm. fragment of sunflower stem in as little as four minutes 
after being applied to the upper surface of the fragment. Penetration 
did not occur regularly and there were instances where the bacteria failed 
to pass through the stem even in 24 hours. This irregularity was prob¬ 
ably due to the small number of organisms used. Sections of the material 
made from 24 to 48 hours after application of the bacteria did not reveal 
evidence of zoogleal strands within the tissues. It appears from this and 
from the rapidity of the penetration that these organisms passed through 
the stem in the tracheae as Hiker (2) and Suit and Eardley (6) have sug¬ 
gested. In these isolated stem fragments the transpiration stream men¬ 
tioned by Suit and Eardley as being largely concerned with the transport 
of the organisms cannot have played any part. It seems more likely that 
the mobility of the organisms themselves was responsible for transfer 
through the stem. According to Riker (2), these organisms are capable of 
moving at the rate of 1 mm. per minute in distilled water. 

A repetition of these experiments using stem fragments placed on the 
agar on their physiological tops and treated with bacteria on their physio¬ 
logical bases gave similar results to those previously recorded. Evidently, 
the polarity of the stem fragments did not affect the rate of movement of 
crown-gall bacteria within them. 
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THE EFFECT OF CALLUS FORMATION ON PENETRATION OF CROWN-GALL BACTERIA 

To determine whether the formation of callus on the cut surface of iso¬ 
lated stem fragments would prevent the penetration of crown-gall organ¬ 
isms, an experiment was set up in which the bacteria were ajiplied to the 
upper surface of the fragment after it had been cultured m vitro for vari¬ 
ous periods. These stem fragments were not removed from the agar after 
having been treated with bacteria, and in those instances where the bac¬ 
teria passed through the fragment, mucilaginous masses of the organisms 
appeared growing at its base. Suspensions of bacteria were prepared as 
described in the previous section and tlie number applied to the upper 
surface of the stem fragment ranged from 10 to 100 viable organisms. 
The drop of bacterial suspension was applied in such a way that the metal 
of the loop did not touch the surface of the stem tissue. Bacteria were 
applied to the stem fragments immediately after they had been set up and 
after they had been cultured for three days, one week, and two weeks. 
The extent to which the bacteria penetrated the stem fragments under 
these conditions is shown in table 2. 

Table 2. —Effect of preliminary culture of isolated stem tips on the penetration of 
Phytomonas tumefaciena 


Period of culture of stem 
fragments prior to ap¬ 
plication of bacteria 


Number of stem fragments 
penetrated by bacteria 


Numb^'r of stem fragments 
not penetrated by 
bacteria 


0 days 20 0 

3 days 7 12 

1 week 0. 18 

2 weeks 1 18 


Evidently after about three days the callus pad which forms on the 
cut surface of the isolated stem fragment began to present a barrier to the 
penetration of the crown-gall organism. After a week, this barrier became 
almost impenetrable. Histological studies revealed that callus formation 
began to block the open vessels about three days after stem segments were 
placed on agar. It was presumably this blockage of the vessels that pre¬ 
vented the penetration of the bacteria. 

To determine whether the callus that formed at the base of the isolated 
stem fragment would also act as a barrier to bacterial penetration, this ex¬ 
periment was repeated using stem fragments from which the upper callus 
pad was removed just prior to the application of the bacteria. The num¬ 
ber of stem fragments penetrated under these circumstances is shown in 
table 3. 

Apparently the lower callus pad formed a barrier which was just as 
effective in preventing the penetration of bacteria as was the upper pad. 
Bacteria entered the stem fragment and could be isolated from it. They 
also gave rise to tumors at the cut surface. But owing, presumably, ^o 
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the blockage of the vascular elements, the bacteria were unable to escape 
from the stem fragments onto the agar. 

MOVEMENT OF BACTERIA APPLIED TO THE SIDE OF THE STEM FRAGMENT 

In this experiment, stem fragments 9 mm. in length were placed on 
their sides on agar slopes. A small drop of a suspension of crown-gall or¬ 
ganisms containing 10-100 bacteria was placed on the upper side of these 
fragments at an equal distance from both ends immediately after they had 
been placed on the agar. Great care was taken to avoid contaminating 
the agar with organisms. Out of a group of 20 stem fragments treated in 
this way, bacteria appeared on the agar in four instances. Tumors con¬ 
taining crown-gall organisms developed in 11 of the remaining 17 frag¬ 
ments. These tumors were not located at the point of application of the 
bacteria but grew from the cut surfaces at the ends of the fragments. The 
structure and point of origin of these tumors will be described elsewhere. 

Table 3. —Effect of removal of upper callus pad from stem fratfmenis on the pene¬ 
tration of Phytomonas tumefaciena 


Period of culture of stem 
fragments 

Number of stem fragments 
pent trated 

Number of stem fragments 
not penetrated 

0 days 

20 

0 

3 days 

3 

14 

1 week 

0 

18 

2 weeks 

0 

20 


Here it is relevant to note that crown-gall bacteria applied to the lateral 
surface of a stem fragment from which the epidermis had been removed 
were capable of passing along the fragment to its ends and of initiating 
tumefaction at these points. The route followed by the organisms remains 
in doubt. 

MOVEMENT OF BACTERIA IN INTACT SUNFLOWER STEMS 

For comparative purposes, some experiments were carried out on the 
movement of bacteria in the intact sunflower stem. In one group of five 
plants, the bacteria were applied to the top of the first internode which 
had first been decapitated. The organisms were suspended in water and 
applied with a loop. A dense suspension was used containing in the order 
of a billion organisms. In a second group of five plants, the organisms were 
applied at the base of the internode which was cut half way through with 
a razor, the inoculum being introduced into the cut. These stems were 
removed one and twenty-four hours after inoculation. After removal of 
the epidermis, the stems were cut into 5-mm. fragments and each of these 
fragments was ground up and placed on nutrient agar. The number of 
fragments from which Phytomonas tumefaciens was recovered and the dis¬ 
tance of these fragments from the point of inoculation is shown in table 4. 

The organisms were evidently capable of moving from 5 to 6 cm. within 
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the internode in one hour. Their rate of movement and the distance they 
migrated was approximately equal whether they were applied at the base 
of the internode or the top. The distance of migration and rate of move¬ 
ment of these organisms in sunflower agree fairly closely with values given 
by Biker (2) and Suit and Eardley (6) for tomato, bryophyllum, and 
other plants. 

Table 4 .—Movement of crown-gall bacteria in intact internodes of sunflower 


Interval between inoculation and testing 


Distance of stem frag¬ 
ment from point of 
inoculation (mm.) 


5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 


1 hour 


Bacteria applied 


At Base 

At Top 

5 (5)- 

5 (5) 

5 (5) 

5(5) 

3 (3) 

5(5) 

3 (3) 

3 (3) 

4 (4) 

5(5) 

4(4) 

2(4) 

4(4) 

2(4) 

1 (1) 

2(5) 

3(3) 

2(4) 

1 (1) 

1(4) 

1(1) 

0(4) 

0(1) 


24 hours 


Bacteria applied 


At Base 

At Top 

3 (3) 

4 (4) 

2 (3) 

5 (5) 

3 (3) 

5(5) 

2 (3) 

5 (5) 

2 (2) 

5 (5) 

2 (2) 

4(5) 

3 (3) 

4 (S') 

3 (3) 

3 (4) 

1 (1) 

4(5) 

3 (3) 

2(3) 

1(1) 

2(3) 

1(2) 

1 (1) 


« The first figure represents the number of stem fragments yielding crown gall bac¬ 
teria; the figure in parenthesis represents the number of stem fragments tested. 


SUMMARY AND CONCLUSIONS 

Experiments were undertaken to determine the rate of movement of 
crown-gall bacteria through isolated fragments of sunflower stem cultured 
in vitro, 

A loopful of bacterial suspension containing between 10 and 100 or¬ 
ganisms was applied to the upper cut surface of 9-mm. sunflower stem 
fragments supported on nutrient agar. Bacteria passed through the stem 
fragment and appeared on the agar within four minutes from the time of 
application. Polarity of the stem fragment did not affect the rate of 
movement of the bacteria. 

After three days culture in vitro, callus formation on the cut surface of 
the stem fragments hindered the bacteria from passing through the stem. 
Both the upper and lower calluses proved effectual in this respect. 

Bacteria applied to the lateral surface of isolated stem fragments placed 
on their sides on the medium produced tumors at the end of these fragments. 

Bacteria applied to the top or base of intact sunflower internodes trav¬ 
elled about 5 cm. through the stem in the course of one hour. There was 
no significant difference in the rate of upward or downward movement. 

It is concluded that the movement of crown-gall bacteria in isolated 
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sunflower stem fragments probably takes place through the tracheae and 
that the motive force is supplied by the bacteria themselves. 

The New York Botanical Garden 
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SOME STUDIES OF CUliliY TOP OP FLAX 

N. J. Giddings^ 

(Accepted for publication August 3, 1948) 

Exp(*rimeiital iiife(?tion of flax, Liuum usiiafissimitm Tj., with curly top 
virus was reported by Severiii- iu 1929. Ju 1945 Severiii and Houston^ 
reported the disease from eommereial fields iu the central San Joacpiin 
Valley of California and gave a brief discussion of the disease in relation 
to flax growing in that area. 

Curly-top diseased flax was received^ from commercial fields in that same 
general area in the spring of 1945 and again in 1947 and virus was recovered 
from these plants. 

EXPERIMENTAL WORK 

Experiments were begun in the spring of 1945 to determine the relative 
susceptibility of flax varieties to the different strains of the curly-top virus 
and to learn whether any of the varieties might be helpful in differentiating 
the virus strains. Table 1 lists tlie d7 flax varieties and species which have 
been tested. The four commercial varieties numbered 19 to 22, namely Ace. 
200, Cascade, Highball, and Liral Prince, are ^^fiber types” and all others 
are seed types. 

All commercial varieties of flax tested were found to be very sus(‘eptible 
to infection by all of the curly-top virus strains available (P^ig. 1). 

Young plants infected by the highly virulent curly-top virus strains 1, ii, 
5, 6, 8, and 9, were dwarfed, distorted, and freipiently killed, while those 
infected by the less virulent strains 2, 4, and 7 showed very little dwarfing 
and few plants dead, but distinct leaf distortion including enlarged veins, 
enations, rolling, and twisting as shown in figure 1. Virus strain 10, which 
is rated as moderately virulent on sugar beets apjiears to be relatively more 
virulent toward flax. Of 1687 young flax ])lants infected by the more highly 
virulent strains of curly-top virus, under greenhouse conditions, more than 
30 per cent were dead in approximately 35 days after inoculation, while iji 
938 similar plants infected by the less virulent strains the mortality was 
only 4 per cent in the same length of time, and there was a mortality of 14 
per cent among 346 plants inoculated with strain 10. 

There w'ere no significant differences in susceptibility to infection among 
the commercial varieties tested. Varieties 24, Linho das Indias, and 26, 

^ Senior Pathologist, Division of Sugar Plant Investigations, Bureau of Plant In¬ 
dustry, Soils, and Agricultural Engineering, Agricultural Research Administration, United 
States Department of Agriculture. 

^Severin, II. 11. P. Additional host jUants of curly top. Hilgardia 3: 595-637. 
1929. 

^ Severin, H. H. P. and Byron R. Houston. Curly top and California aster yellows 
of flax. Phytopath. 36: 602-606. 1945. 

* Collections were made by Dr. Eubanks Carsner of the Division of Sugar Plant 
Investigations, Bureau of Plant Industry, Soils, and Agricultural Engineering, United 
States Department of Agriculture. 
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Linho A. R. 81022, had appreciably less injury than others but the seed were 
very slow in germinating so that the inoculations were made at a different 
time and the supply of seed was so small that the number of plants involved 
was limited—12 and 20, respectively. All tests were conducted in a moder¬ 
ately warm greenhouse. Presumably, conditions more nearly simulating the 

Table 1. —Flax varietivn and species tested for resistance to curly top 


River- 


side 

N umber 

Name or designation 

Source of seed 

la 

Rio (Argentina) 

CT 280 

L. G. Goar, El Centro, California 

2 

Calar do 

Cl 463 

do 

3 

G. Sel. 1 (India) 


do 

4 

Punjab do 

Cl 20 

do 

5 

Minerva 

Cl 1081 

J. 0. Culbertson, St. Paul, Minn. 

6 

Rocket 

CT 1133 

do 

7 

980 X Redson 

CT 1118 

do 

8 

Koto X Redwing 

a 1095 

do 

9 

Sheyenne 

Cl 1073 

• do 

10 

Dakota 

Cl 1071 

do 

11 

Redwing 

Cl 320 

do 

12 

Bison 

a 389 

do 

13 

Crystal 

Cl 982 

do 

14 

Koto 

Cl 842 

do 

15 

Linum lewisii Pursh 


Theadorc Payne (Seedsman) 

K) 

L. perenne L. 


Aggler & Musser (Seedsmen) 

17 

L. flavuin Tj. 


do 

18 

L. grandifloriim Des F. Var. ruhrum 
ilort. 

do 

19»> 

Acc. 200 


Nelson, Oregon 

20 

Cascade 


do 

21 

Highball 


do 

22 

Ural Prince 


do 

23 

Linho caxias 


• Brazil 

24 

Linho das Indias 


do 

25 

Ijinho Farroupilha 


do 

20 

Linho A.R. 81022 


do 

27 

Linho Reg. 539 


do 

28 

Minn. 111-46-1 


India 

29 

Minn. IJT-46-2 


do 

30 

Minn. III-46-3 


do 

31 

Benvenuto Labrador 


Argentina 

32 

Buck 3 


do 

33 

Entre Rios 


do 

34 

Querondi M. A. 


do 

35 

Buck 114 


do 

36 

Klein II 


do 

37 

La Prevision 18 


do 


« Seed for 1 through 4 were received in 1945; for all others, in 1947. 

Numbers 19 to 37 were all received from Dr. ,T. O. Culbertson and he indicated 
the original sources of the various lots. 

environment under which flax is groivn in California would be of greater 
value in economic evaluation as to curly-top resistance. 

Plants infected by the less virulent strains of curly-top virus often show 
evidences of recovery similar to those reported by Wallace® for Turkish 

“Wallace, J. M. Recovery from and acquired tolerance of curly-top in Nicotiana 
tabacum. Phytopath. 29: 743-749. 1939. 
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tobacco. Su<!h plants may send out a sym[)tomlcss branch below the place 
where most pronounced symptoms appeared or they may merely continue 



Fig. 1. A. ITenltby Rio llax jilant on which iion-viruliferous k*afhoj)])ers had been 
caged. J3. Rio plants with mild symptoin.s of curly top after inoculation with virus 
strain 2. C. Curved tips and rugose terminal leaves of Rio flax inoculated with virus 
strain 8. The enlarged, curved portion of stem is commonly light pink. D. Dwarfed, 
bleached, and distorted plants infected by curly-top virus, collected from a commercial 
field of flax in San Joaquin Valley, California. E. Infected plant with distorted leaves 
and seed pods having papillae on the sepals. 

the normal terminal growth with fewer symptoms on the new growth. 
Symptoms may reappear in the sepals enclosing the seed pod. Four in- 
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fected plants each having a symptomless branch were tested for the pres¬ 
ence of curly-top virus. Virus was recovered from the terminal growth of 
each plant even though there was very little symptom-bearing tissue in¬ 
cluded in the cage of non-viruliferous leafhoppers. Virus of a concentra¬ 
tion equivalent to that in the terminal growth was found in the symptomless 
branches of one plant, while another such branch gave evidence of a very 
low concentration of virus and no virus was obtained from symptomless 
branches of either of the other two plants. 

Four ornamental species of flax, Nos. 15 to 18 in table 1, were also tested. 
One species, IJniim (jnindiflorum ruhrum, was fairly susceptible to infection 
and injury, while the other three, L. lewiaii, L. perenyie, and L. flavum, were 
highly resistant. These three resistant species showed no curly-top symp¬ 
toms and the only evidence of infection was recovery of the virus from in¬ 
fected plants. The available number of plants was limited and L. Icwisii 
was tested only with virus strains 1, 2, and 3. Virus was recovered from 
only one plant and it had been inoculated with strain 2. Plants of L. perennc 
and /v. flavKm were inoculated with virus strains 1, 2, 3, 6, 7, and 10. Tests 
from these plants revealed that all plants inoculated with virus strain 6 were 
infected, but no virus was recovered from any of the others. 

DISCUSSION AND SUMMARY 

The susceptibility of all commercial flax varieties tested indicates the 
possibility of serious injury during seasons particularly favorable for curly- 
top infection. Fortunately, the curly-top vector, EuletHx tcnellus Baker, 
is likely to be rather inactive during cool fall and winter weather, when the 
flax is making most of its growth. Early planting or warm, dry weather 
continuing late into the fall are more favorable for curly-top infection of the 
young plants and consecpiently more crop damage. 

Comparative studies of flax varieties under field conditions might reveal 
some differences in susceptibility which would be helpful in breeding for 
curly-top resistance. Some of the ornamental species have a very high 
degree of curly-top resistance and this offers some encouragement in the 
breeding for disease resistance. 

There is a possibility that some of the highly resistant ornamental spe¬ 
cies may be helpful in differentiating curly-top virus strains, since infection 
of L. perenne and L. flavuni w^as secured only with strain 6, but further tests 
are necesssary. 

Riverside, California 



WHEATS IMMUNE PROM SOIL-BORNE MOSAIC VIRUSES IN THE 
FIELD, SUSCEPTIBLE WHEN INOCULATED MANUALLY' 

H. TT. McKinney 
(Accepted for publication Aug. 4, 1948) 

INTRODUCTION 

Ill conducting the field tests for mosaic resistance in wheat grown in 
infested soils it has been found that the infestation does not always persist 
for long periods (2, 4, 9). Sometimes the infectivity fails in one season, 
whereas, in other cases it may decrease gradually or persist over a period 
of years with continuous wheat culture. Because of this uncertainty, it 
has been found advantageous to have the test nurseries located on several 
infested areas, thereby reducing the chances of losing a season's work. 

In all of the wheat-mosaic test nurseries the author has studied east of 
the Mississippi Kiver, the mosaic-rosette virus {Marmor iritici var. typicum 
McK.) (7) and the yellow-mosaic virus (M. tritici var. fulvuni McK.) (7) 
have been present.^ When the soil infestations have shown signs of decline, 
however, it has been observed that the mosaic rosette symptoms in Harvest 
Queen selection usually fail sooner than do the yellow mosaic symptoms in. 
such varieties as Currell wheat and in Red Winter sp«'lt. Furthermore, 
at Arlington Farm, Va., when Harvest Queen selection failed to manifest 
rosette, it failed to manifest any sign of mosaic in most of the plants, even 
when Red Winter spelt and yellow-mosaic susceptible wheats in adjacent 
rows had considerable yellow-mosaic mottling. On the other hand, in ex* 
periments with these viruses in the greenhouse, Harvest Queen selection 
had been used regularly for much of the inoculation with the mosaic- 
rosette virus and with yellow-mosaic virus, since the variety is very sus¬ 
ceptible to both when inoculated manually. Furthermore, isolations from 
plants of resistant varieties manifesting mild signs of mosaic in field plats 
have yielded the mosaic-rosette virus. 

These observations made it appear that Harvest Queen selection and 
the so-called mosaic-resistant wheats are less susceptible to the yellow- 
mosaic viruses than to the mosaic-rosette virus when grown in infested 
soils, and that mosaic resistance in the field is not necessarily a criterion 
for mosaic resistance following manual inoculation. Accordingly it was 

1 These experiments were conducted at Arlington Farm, Rosslyn, Va., and at the 
Plant Industry Station, Beltsville, Md. The nursery studies on resistance and immunity 
in the field were conducted in cooperation with Benj. Koehler, and O. T. Bonnett of the 
Illinois Agricultural Experiment Station; Ralph M. Caldwell of the Purdue University 
(Indiana) Agricultural Experiment Station; W. R. Paden of the South Carolina Agricul¬ 
tural Experiment Station, and Coker’s Pedigreed Seed Co., Hartsville, S. C. 

The author acknowledges the assistance rendered by Matthew Koerner in conducting 
these tests. 

2 Since preparing this paper, the writer has studied a soil-borne wheat-mosaic virus 
occurring in the plant breeding plats of the Agricultural Experiment Station at Cornell 
University, Ithaca, New York. This virus has several characteristics which distinguish 
it from the viruses discussed in this paper. 
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decided to make manual-inoculation studies on some of the wheat lines 
that had been selected for hifrh mosaic resistance, or were immune from 
mosaic when ^rown in the field in soils having high levels of infestation. 
The results of these tests have been summarized in an abstract (9). 

It should be pointed out that the situation is quite different with the 
rosette expression. Here, there has been complete correlation between 
the field-grown plants and the manually inoculated plants. The great ma¬ 
jority of wheat varieties are completely immune from rosette, apparently 
under all conditions of culture and of inoculation. However, most varieties 
are susceptible to the mosaic reaction induced by the mosaic-rosette virus. 

PLANT MATERIALS 

Harvest Queen selection was selected by the writer from the mass of 
^^'alzer’s Prizetaker (Harvest Queen C.I. 5314). It is uniformly susceptible 
to mosaic-rosette in the field and also in greenhouse tests when inoculation 
is by manual methods. 

Michigan Amber (Ind. Sel. 29-1-1-1) is uniformly susceptible to the 
green and the yellow mosaics, but it is immune from rosette in the field 
and in the greenhouse tests. 

The mosaic-resistant wheats listed in table 1 develop no signs of mosaic 
or only weak to moderate mottling in few to many ])lants, depending on 
the season. They are uniformly immune from rosette in the field, and 
when inoculated by manual methods. 

The field-immune lines have shown no signs of mosaic or rosette in the 
field, except one case to be noted. Ill. Sel. 36-686 gave no signs during 
about 10 years ^ testing on infested soil in Illipois. In 1945, however, one 
yellow-mosaic plant was found in two 16-f-oot rows in the wheat-mosaic 
nursery at Clemson, South Carolina. Adjacent rows of susceptible wheats 
had mosaic in a high percentage of the plants. It is possible that an un¬ 
usual strain of virus infected this plant, but it seems more likely that the 
plant represented an admixture, possibly a volunteer. 

The winter barley lines expressed no signs of mosaic or rosette when 
tested one season in the wheat-mosaic nurseries. Further information on 
the plant materials is given in table 1. 

VIRUS COLLECTIONS 

Isolates of mosaic-rosette virus {Marnim' tritici var. typicum) (7) and 
of the yellow-mosaic virus {M. tritici var. fvlvum) (7) were used. The 
several isolates of mosaic-rosette virus w(‘re indistinguishable, but several 
isolates of the yellow-mosaic virus produced consistently different symp¬ 
toms on Michigan Amber wheat. All of the latter induce yellow-green to 
yellow markings on the foliage of Michigan Amber, and all stunt the i)lants. 
The isolates from La Porte, Indiana, and Granite City, Illinois (Table 3) 
are less severe than the others. The isolate from LaFayette, Indiana 
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(Table 4) induces extreme rolliiifj and distortion of the leaves during their 
early stages of development. The isolate from Clemson, South Carolina 

Table 1.— Informalion concerning the winter wheats and winter barleys used 


Variety or selection 

C.T. No. 

Source of seed 

Reaction to mosaic 
in infested soil 




in the field 

Wheat: 

Michigan x^mber 29-1-1-1 

11770 

B. M. Caldwell 

Immune from rosette; 

(Mildew resistant) 

Harvest Queen selection 


H. H. McKiiniey 

very susceptible to light- 
green mosaic with mo¬ 
saic-rosette virus; yel¬ 
low mosaic with yellow- 
mosaic viruses. 

Very susceptible to ro- 

Arlando 

10069 

W. J. Saiido 

settc and light-green 
mosaic with mosaic-ro¬ 
sette virus; very resist¬ 
ant to or immune from 
yellow-mosaic viruses. 
Immune from rosette; 

Harvest Queen sel. 32-43 


H. H. McKinney 

resistant to or immune 
from yellow mosaics; 
mildly susce])tible to 
gri‘en mosaics. 

Ho 

Ill. sel. 37-D216 from 

Huffy 


O. T. Boiinett and B. 



Koehler 

Ho 

Ill. sel. 37-H382 Fulcastev 

X Minturki 


Ho 

Ho 

Ill. sel. 37-H544 (Minturki 

X Fulcaster) x Fulcastev 


Do 

Ho 

Ill. sel. 37-1146 (Kanred 

X Ked Rock sel. H-93-2) 

X (Malakof X Mich. 
Amber) 


Ho 

Ho 

Wabash . 

11384 

R. M. Caldwell 

Ho 

Ill. sel. 36-686 from (Glad¬ 
den X Minturki) x Glad¬ 
den . . . 


Bonnett and Koehler 

Immune from the mo¬ 

Ind. sel. 11512 from Trum¬ 
bull X Fultz . 

12220 

R. M. Caldwell and L. 

saics and rosette. 

Supreza x (Redhart Strain 

5) . 


E. Compton 

Coker's Ped. Seed Co. 

Ho 

Ho 

Barley: 

Purdue 21 (Mass sel. from 
Tenn. winter) 

4581 

Bonnett and Koehler 

Ho 

Purdue 25 Comfort x Pur¬ 
due 21 . 


Ho 

Ho 

Purdue 28 Velvet x Purdue 
Acc. 1101 . 


Ho 

Ho 

Smooth Awn 86 . 

6268 

J. W. Taylor 

Ho 


(Table 5) does not induce leaf rolling, but it stunts the plants badly, T‘«?u- 
ally causing early death in most of the population. The destruction of the 
plastid pigments in Michigan Amber is greatest with this isolate. 
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In the tests with the field-immune wheat, Trumbull x Fultz sel. 11512 
(C.I. 12220), from R. M. Caldwell and L. E. Compton, the writer collected 
a field composite of virus from mosaic Michigan Amber plants growing im¬ 
mediately adjacent to each end of the nursery row of the field-immune 
line. This was to assure, so far as possible, the testing of this wheat against 
the virus population to which it had been subjected in the nursery near 
LaPayette, Ind. As this series of tests progressed, care was taken to get 
virus from the leaves of all the diseased plants of a population supplying 
inoculum for a subsequent test. 


METHODS 

All seedlings w^re cultured in steamed soil in 6-inch earthen pots in a 
cool greenhouse during the winter or in a special culture chamber during 
the hot months. The temperature was regulated near 60° to 65° F. In 
the chambers, the daily photoperiod was of 8 hours ^ duration. 

Seedlings were inoculated when they reached the three-leaf stage. In 
most of these tests, the leaves of the seedlings were inoculated by drawing 
them between the thumb and fingers moistened with the infective juice to 
which 600-grain carborundum powder had been added. The leaves were 
then rinsed with water. When the roots or the underground leaf sheaths 
were inoculated, the seedlings were carefully removed from the soil or the 
sand, the roots were washed, and inoculation proceeded in the same manner 
outlined for the leaves, but without the rinsing. In one test in 1984, the 
inoculum was worked into the crown tissues by means of a fine needle, and 
the roots were bathed in the virus extract. Pouring fresh virus extracts 
into the soil around the seedlings failed to induce mOvsaic. According to 
Allen (1) this method of inoculation induces big vein disease (a soil-borne 
virus disease) in a high percentage of lettuee plants. 

Inoculum was prepared from fresh mosaic leaves from moderately 
young wheat plants. The tissue was clipped and then thoroughly pulped 
with sand in a mortar, with sufficient sterile water added to make a five¬ 
fold dilution of the plant juice. The resulting fluid was passed through 
double surgical gauze to remove the coarser fragments of tissue and sand. 
The carborundum powder was added to the lic^uid, and the inoculation 
procedure was started immediately. Ail plants inoculated with a given 
virus on a given day were inoculated from the same batch of virus extract, 
therefore, the varietal comparisons should be confined to a given batch 
of inoculum. 

No method of manual inoculation has yet been devised that will pro¬ 
duce infection with the viruses under study in all of the inoculated plants 
in every test, even though the host is known to be homozygous for sus¬ 
ceptibility. Throughout the investigations on these wheat viruses, many 
thousands of wheat seedlings have been inoculated by the leaf-wiping 
method, and by the pricking and root-wiping method, and it has been found 
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that the former usually induces the higher percentage of infection. In 
addition, it is much simpler and faster than the pricking and root-wiping 
method used in the earlier work (2, 4). Furthermore, since using this 
leaf-wiping method, and by giving special attention to the use of virus from 
moderately young succulent plants, the cultures of these viruses have shown 
no signs of becoming inactive, as when the earlier methods were em¬ 
ployed (7). 


RESULTS 

The results in tables 2 to 6 show that field resistance to and field im¬ 
munity from mosaic in wheats is not reflected in tests where the inocula- 

Table 2. —Mesulls from inoculations with Marnior tritici var. typicum (wheat mosaic- 
rosette virus) on winter wheats and winter barleys cultured in greenhouses or in low- 
temperature chambers. Virus from plants grown in soil collected near LaFayettCf 
Indiana, spring of 1943. Inoculation was by the leaf-wiping method 


Variety or selection 


Wheat : 

Michigan Amber (S)b 
Arlando (R) 

Ill. sel. 37-D216 (R) 
Ill. sel. 37-D382 (R) 
Ill, sel. 37-D544 (R) 
Ill. sel. 37-1146 (R) 
Michigan Amber (S) 
Ill. sel. 36-686 (I) 

Barley: 

Purdue 21 (I) 

Purdue 25 Hybrid (I) 
Purdue 28 Hybrid (I) 
Smooth Awn 86 (I) 


Date 


inoculated 

Inoculated 


Number 

Feb. 5,1945 

29 

Do 

20 

Do 

26 

Do 

24 

Do 

33 

Do 

28 

May 19,1945 

63 

Do 

51 

Feb. 5,1945 

32 

Do 

22 

Do 

18 

Do 

29 


Seedlings 

Infected* 


.V umber 

Per cent 

26 

89.65 

20 

100.00 

24 

92.31 

L‘4 

100.00 

29 

87.88 

25 

89.28 

25 

39.68 

26 

50.98 

5 

15.62 

1 

4.54 

0 

0 

0 

0 


“In all varieties and lines, the symptoms consisted of light-green mosaic mottling, 
but they tended to be strongest in Ill. sel. 36-686, the only field-immune wheat in this 
series of tests. 

h Varietal comparisons should be confined to the separate inoculation test dates, as 
the lots of inoculum used in the different tests could not be standardized for virus con¬ 
centration. Letters in parentheses signify the reaction of a variety in the field tests as 
follows: (R) Resistant, (S) Susceptible, "(I) Immune. 

tiori is by manual methods. With all of the virus collections used, the 
mosaic symptoms were as strong in Avheats tliat are resistant or immune 
in the field as they were in the susceptible controls. In one case (Table 2), 
a field-immune wheat gave a stronger mosaic reaction than obtained in 
the susceptible control. 

When grown in the infested nurseries, all of the resistant lines and va¬ 
rieties manifest mild to moderate mosaic symptoms in few to many plants 
during some seasons, whereas, they may show no signs during other seasons, 
even though the susceptible controls have much mosaic, much of it being 
yellow mosaic. In the present tests with manual inoculation, only ^he 
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mild mosaic developed when the mosaic-rosette virus was used (Table 2). 
When the yellow-mosaic virus isolates were used, the field-resistant lines 
developed yellow mosaic, just as in the field-susceptible Michigan Amber 
controls (Tables 3 to 5). The degrees of stunting and leaf malformation, 
however, varied among the several w^heat lines. 

When comparisons are based on the percentage of the inoculated seed¬ 
lings developing mosaic after the first inoculation, there is little indication 
of varietal difference in resistance. In tables 2 to 5 it will be observed 
that most of the tests show the higher jjercentages of mosaic plants in the 
field-resistant and field-immune lines. This may be accounted for by the 

Table 3. —Eesults from inoculations with Marmor tritici var. fulvum (Prairie wheat 
yellow-mosaic virus) on winter wheat cultured in greenhouses. Virus isolate used in 
W34f collected near Granite City, Illinois, and isolate used in 194€, collected near La 
Porte, Indiana. Inoculation was hy the leaf-wiping method, except as indicated 


Seedlings 


Variety or selection 

Date 

inoculated 

Virus 

dilution 

Inocu¬ 

lated 

9 

Infected*^ 

- — ■ 



Number 

Number 

Per cent 

Harvest Queen sel. (E)c 

Mar. 13, 1934 

5x 

36 

23 

63.89b 

Harvest Queen sel. 32-43 (E) 

Do 

Do 

24 

19 

79.17b 

Michigan Amber (S) 

Apr. 5,1946 

Do 

Do 

9 

7 

77.78 

Ill. sel. 36-686 (I) 

Do 

9 

7 

77.78 

Michigan Amber (8) 

Do 

250 X 

31 

9 

29.03 

Ill. sel. 36-686 (I) 

Do 

Do 

31 

9 

29.03 

Michigan Amber (8) 

Feb, 10,1947 

5x 

48 

48 

100.00 

Ind. sel. 11512 (I) 

Do 

Do 

48 

47 

97.92 


«In all varieties and lines tlie symptoms consisted of mild to severe yellow mosaic 
mottling. 

Inoculation was accomplished by removing the seedlings from the soil, dipping the 
roots and croAvns in fresh inoculum, and pricking the inoculum into the crown and leaf 
sheaths with a fine needle, 

e Varietal comparisons should be confined to the separate inoculation test dates, as 
the lots of inoculum used in the different tests could not be standardized for virus con¬ 
centration. Letters in parentheses signify the reaction of a variety in the field tests as 
follows: (E) Eesistant, (S) Susceptible, (I) Immune. 

fact that tfipre is a small proportion of Michigan Amber susceptible con¬ 
trols in these tests. In table 6, where more Michigan Amber controls 
were tested, the differences are more in favor of the resistant and im¬ 
mune lines, but they are slight when compared with the differences that 
obtain in the field. In all of the tests (Tables 2 to 6), there is a total of 
32 comparisons that may be made between the susceptible control and the 
resistant and immune wheats. Of these comparisons, 14 show more, and 
14 show fewer mosaic plants among the field-resistant and field-immune 
wheats. Four of the comparisons are equal. 

With the composite collection of virus (Table 6), there are 7 compari¬ 
sons, 2 of which show more, and 5 show fewer mosaic plants among the 
field-immune lines. Taking the totals from all the tests in table 6, Michi¬ 
gan Amber susceptible control developed mosaic in 42.71 per cent of the 
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seedlinf^s after the first inoculation, whereas, the field-immune wheats de¬ 
veloped mosaic in 33.85 per cent of the seodlin^rs. This drop of 8.86 per 


Table 4. —Rcsnlts from inoculations with the lenf-distortincj strain of Martnor tritici 
var, fulvum (Prairie wheat yellow-mosaic virus) on winter wheats and winter barleys cul¬ 
tured in greenhouses. Virus from plants grown in soil collected near Lafayette^ Ind., in 
1939. Inocidation was by the leaf-wiping method^ except as indicated in the footnote*^ 







Seedlings 




Date 

Virus 

Inocu¬ 

lated 



Re-in- 



Variety or selection 

of 

dilu- 

Infected* 

ecu- 

Infected 


test 

tion 



lated 






No, 

No. 

Pet. 

No. 

No. 

Pet. 

Wheat: 

Jan. 11, 








. Michigan Amber (S)b 

1945 

5x 

27 

16 

59.26 

11 

11 

100.00 

Arlando (R) 

Do 

Do 

20 

19 

95.00 

1 

1 

100.00 

Ill. sol. 37-D216 (R) 

Do 

Do 

26 

19 

73.08 

7 

7 

100.00 

Ill. sel. 37-D382 (R) 

Do 

Do 

27 

26 

96.30 

1‘* 

0 

96.30 

Ill. sel. 37-D544 (R) 

Do 

Do 

29 

23 

79.31 

6 

6 

100.00 

Ill. .sel. 37-1146 (B) 

Do 

Feb. 6, 

Do 

28 

28 

100.00 




Michigan Amber (8) 

1946 

Do 

50d 

0 

0.00 




Ill. scl. 36-686 (I) 

Do 

Feb. 25, 

Do 

50d 

0 

0.00 




Michigan Amber (8) 

1946 

Do 

43 

25 

58.14 




Wabash (R) 

Do 

Apr. 5, 

Do 

50 

19 

38.00 




Michigan Amber (8) 

1946 

Do 

9 

9 

100.00 




Ill. sol. 36-686 (1) 

Do 

Do 

8 

6 

75.00 




Michigan Amber (8) 

Do 

250 X 

36 

21 

58.33 




Ill. scl. 36-686 (1) 

Do 

Jan. 17, 

Do 

28 

13 

46.43 




Michigan Amber (8) 

1947 

50 X 

30 

30 

100.00 




Ill. sel. 36 686 (I ) 

Do 

Feb. 10, 

Do 

56 

56 

100.0(t 




Michigan Amber (8) 

1947 

5x 

48 

42 

87.50 




Ind. sel. 11512 (I) 

Do 

Feb, 25, 

Do 

48 

44 

91.67 




Michigan Amber (8) 

1947 

Do 

24 

24 

100.00 



100.00 

Ill. sel. 37-D382 (R) 

Do 

Do 

26 

24 

92.31 

o 

2 

Barley: 

Jan. 11, 








Purdue 21 (I) 

1945 

Do 

28 

1 

3.57 

27 

1 

7.14 

Purdue 25“ (1) 

Do 

Do 

21 

0 

0.00 

21 

0 

0.00 

Purdue 28 (T) 

Do 

Do 

28 

1 

3.57 

27 

0 

3..57 

Smooth Awn (I) 

Do 

Do 

29 

1 

3.15 

28 

6 

24.14 


“In all varieties and lines, the symptoms consisted of mild to severe yellow-mosaic 
mottlinff. 

b Varietal comparisons should be confined to the separate inoculation test dates, as 
the lots of inoculum used in the different tests could not be standardized for virus con¬ 
centration. Tjcttcrs in parentheses signify the reaction of a variety in the field tt‘8ts as 
follows: (R) Resistant, (8) Susceptible, (I) Immune. 

0 This jdant was inoculated a third time and failed to become infected. It was not 
inoculated again as resistance tends to increase with age, but it was isolatwi from other 
wheat plants, and allowed to set seed. This seed was sown, and the 26 seedlings were 
inoculated Feb. 25, 1947, with the results shown in the last item under wheat in this table. 

d Inoculation was accomplished by removing the seedlings from the soil, and wiping 
the underground portion of the first leaf sheath and the roots with fresh virus extract and 
carborundum powder. 

cent in the incidence of mosaic is not very great when we take into ac¬ 
count that these wheats have been immune in the fields. 
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It was not practicable to reinoculate all of the seedlings that escaped 
infection after the first inoculation. This was done, however, in a few 
tests shown in tables 4 and 6. In some of these tests, all of the escapes 
developed mosaic after the second inoculation. In table 4, one plant of 
Ill. sel 37-D382 failed to show mosaic after being inoculated three times. 
However, when the progeny (26 seedlings) from this plant was inoculated, 
24 seedlings developed yellow mosaic from the first inoculation and the re¬ 
maining two after a second inoculation. In table 6 it will be noted that a 
fairly large percentage of the seedlings remained mosaic-free after the sec¬ 
ond inoculation. 

When the composite virus collection was used (Table 6), the symptoms 
consisted of a mixture of green and of yellow mosaic, and as the tests pro- 

Table 5 .—Result ff from inoculations with Marmor frit id var. fulviim {Prairie wheat 
yellow-mosaic virus) on winter wheat cultured in greenhouses. Vims collected near 
Clenmm, South Carolina, Inoculation was hy the leaf-wiping method 


Seedlings 


Variety or selection 

Date of 
test 

Virus 

dilution 

Inocu- 

late>d 


Infected* 




Number 

Number Percent 

Michigan Amber (S)b 

Apr. 5,1946 

5x 

10 

3 

30.00 

Ill. sel. 36-686 (I) 

Do 

Do 

9 

3 

33.33 

Michigan Amber (S) 

Do 

250 X 

33 

7 

21.21 

Ill. sel. 36-686 (I) 

Do 

Do 

33 

7 

21.21 

Michigan Amber (S) 

Dec. 30,1946 

50 X 

48 

47 

97.92 

Suprezax (Redhart Str. 5) (I) 

Do 

Do 

45 

43 

95.55 

Michigan Amber (S) 

Jan. 17,1947 

Do 

30 

30 

100.00 

Suprezax (Redhart Str. 5) (I) 

Do 

Do 

51 

49 

96.08 


® In all varieties and lines the symptoms consisted of moderate to severe yellow-mosaic 
mottling. 

»»Varietal comparisons should be confined to the separate inoculation test dates, as 
the lots of inoculum used in the different tests could not be standardized for virus con¬ 
centration. Letters in parentheses signify the reaction of a variety in the field tests as 
follows; (R) Resistant, (S) Susceptible, (I) Immune. 

gressed, the proportion of green mosaic tended to increase very slightly, 
suggesting that unilateral interference was operating very weakly in the 
culture. All observations to date support the view that if unilateral inter¬ 
ference does occur among the viruses that have been isolated from wheat 
plants that contracted mosaic by way of the soil, it is not a striking phe¬ 
nomenon (3, 7). Weak unilateral interference (antagonism) was re¬ 
ported by the writer (5) in three mutants from tobacco-mosaic virus, but 
in these cases, each of the two yellow-mosaic mutants dominated the mild- 
green mosaic mutant. 

Facilities have not permitted a thorough study of virus isolates from 
the mild-mosaic wheat plants that occur in the resistant lines in the field, 
but the few isolations that have been made indicate that some of these 
plants are infected with the mosaic-rosette virus. Also, it appears that 
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non-rosottinft {yrcen-mosaic viruses are present in some areas, i.e., viruses 
that will not induce the rosette reaction in Harvest Qneen selection. 

In tables 2 and 4 it will be noted that very few plants of the field- 
immune barley lines developed mosaic in the manual-inoculation tests 

Table 6, Hcsulta fvonx inoodcitionit with a field composite collect ion of strains of 
Marmof fritici on winter wheats ctdtnred in (jrecnhoxiscs and, low-tcmperatnre, culture 
clittvahers. The virus culture was isolated from mosaic Michigan Amber plants (jrowinp 
near Lafayette, Ind., in nursery rows adjaecnt to each end of a row of Ind. se). Udi'J 
that developed no mosaic in the field. Inoculation was by the leaf-wiping method, except 
as indicated in the footnotes " ‘ ' 



Date 




Seedlings 




Virus 

— 



_ 



Variety or selection 

of 

test 

dilu¬ 

tion 

Inocu¬ 

lated 

Infected»‘ 

Ke-in- 

DC Il¬ 

Infected 






ia ted 






No. 

No. 

Pet. 

No. 

No. 

Pet. 

Michigan Amber (S)*» 

June 21, 









1946 

5x 

46 

30 

65.22 




Ind. sel. 11512 (I) 

Do 

Do 

50 

33 

66.00 




Michigan Amber (S) 

Aug. 15, 









1945 

Do 

80 

16 

20.00 




Ind. sel. 11512 (I) 

Do 

Do 

80 

10 

12.50 




Michigan Amber (S) 

Oct. 21, 









1946 

Do 

40 

21 

52.50 




Ind. sel. 11512 (I) 

Do 

Do 

40 

12 

30.00 




Michigan Amber (8) 

Dec. 2, 









1946 

50 X 

40 

13 

32.50 

27 

16 

72.50 

Ind. sel. 11512 (T) 

Do 

Do 

40 

3 

7.50 

37 

10 

32.50 

Michigan Amber (S) 

Dec. 30, 









1946 

Do 

58 

30 

51.72 

28 

6 

62.07 

Ind. sel. 11512 (I) 

Do 

Do 

61 

40 

65.57 

21 

7 

77.05 

III. sel. 35-085 (I) 

Do 

Do 

60 

31 

46.97 

35 

9 

60.61 

Michigan Amber (S) 

Jan. 17, 









1947 

Do 

24 

7 

29.17 




Ind. sel. 11512 (I) 
Michigan Amber (S) 

Do 

Jan. 28, 

Do 

59 

5 

8.47 




1947 

5x 

53 

18 

33.96 




Do 

Do 

Do 

40r 

3 

7.50 




Do 

Do 

Do 

40<i 

o 

5.00 




Ind. sel. 11512 (I) 

Do 

Do 

*10e 

1 

2.50 




Do 

Do 

Do 

40*1 

0 

0.00 





fn each test, the inosaie inottliiifj was essentially of the same degree in the field- 
imnuiiu* wheat as in Michigan Amber, the field-susceptible wheat. 

Varietal comparisons should be confined lo the separate inoculation test dates, as 
the lots of inoculum used in the different tests could not be standardized for virus con¬ 
centration. Letters in parentheses signify the reaction of a variety in the field tests as 
follows: (S) Susceptible, (I) Immune. 

c Inoculation was accomplished by removing seedlings from the soil and wiping the 
underground portion of the first leaf sheath with fr(‘sh virus extract and carborundum 
pow'der. 

^ Inoculation as above, except that the roots only were wiped. 


Comparatively few varieties of barley have been tested in the mosaic fields, 
but the tests that have been conducted suggest that barley tends to be 
more resistant than wheat. However, Nakano Wase barley is extremely 
susceptible to mosaic in the field. 
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CONCLUSIONS 

When grown in virus-infested soils, it appears that the field-resistant 
wheats may be resistant in varying degrees to one or more of the green 
mosaies, and immune, in most cases, from the yellow mosaics. Whereas, 
the field-immune wheats appear to be immune from both green and yellow 
mosaics. The breakdown of immunity from mosaic following inoculations 
by manual methods cannot be explained at present. It is possible that a 
more delicate method of manual inoculation might reflect the same varietal 
differences in mosaic susceptibility as obtained in the field. This does not 
seem to be a very promising approach, however, at present. It may be that 
none of the infested soils encountered thus far contain sufficient amounts of 
active virus to induce yellow mosaics in the field-immune wheats. If it 
were possible to increase virus activity or concentration in the soil, this 
point could be tested, but all attempts to infest soil by adding mosaic leaf 
tissue or fresh virus extracts have failed. The field differences in suscepti¬ 
bility might be reflected if the manual inoculations werfe made on older 
plants which are more resistant than the seedlings and young plants. 
It is possible that immunity in the field is against a vector of some sort, 
rather than directly against virus. If this is the case, more than one vector 
may be involved, and there may be a hitherto unsuspected, strong interfer¬ 
ence between the yellow-mosaic and the green-niosai(i viruses when present 
in certain genotypes of wheats. Otherwise, it is difficult to understand how 
one group of wheats can be susceptible to green mosaic's and immune from 
yellow mosaics, whereas another group growing in the same immediate 
area in a field will be immune from both green mosaic and yellow mosaic. 

It seems likely that the range of reaction shown among the virus iso¬ 
lates used in these studies will be extended as new isolates are studied, 
especially isolates from plants out of the field-resistant group. It is 
already known that the mosaic-rosette virus induces a moderately yellow 
mosaic in Red Winter spelt (3, 4), whereas, in all of the w4ieats tested 
against this virus in the present studies, only light-green mosaics occurred. 
Whether a study of new isolates will shed further light on the problems 
covered by the present tests, is a question. The wheats and the virus iso¬ 
lates used in the tests were chosen at random, yet all of the wheats reacted 
alike, within narrow limits, rosette excepted, when inoculated with any one 
of the several virus isolates used. 

With the tobacco-mosaic virus it is possible to make rapid progress in 
the resistance studies with tobacco (6, 8) and other crops when manual 
methods of inoculation are used, but it is evident from the results pre¬ 
sented, that this is not true in the case of the soil-borne mosaic viruses in 
wheat. Here the routine testing and the genetic studies must be done in 
the infested soil, except in the ease of the rosette reaction, which can be 
studied when the inoculations are done manually. With the mosaic re¬ 
actions, precise genetic studies will be difficult, even when closely coordi- 
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nated with studies on the several isolates which make up the virus popu¬ 
lation of the test soil, because there is no way at present to test the virus 
isolates separately by nature’s method of inoculation. 

Plant Industry Station, 

Beltsville, Maryland. 
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DIP AND GAS TRP]ATMBNTS FOR THE REDUCTION OF POST¬ 
HARVEST DECAY IN TEXAS LEMONS 

A. Lloyd Kyalli and G. H. Godfrey 2 
(Accepted for publication August 7, 1948) 

A previous publieation'^ deseribed the effecds of wrapiiers iiiipreg:nated 
with diphenyl, chemical dips, and stem swab treatments for the (*ontrol of 
decay in lemons after harvest. Many chemicals used as dips were fairly 
effective in reducing Diplodia and Penicillium rots. However, none of the 
materials that were considered to be safe from the standpoint of fruit 
injury and chemical residues were sufficiently fungicidal to ensure that 
the fruit would be commercially acceptable after the usual transit and 
marketing period. 

A gaseous mixture of nitrogen trichloride and air has been reported 
by Klotz^ to be effective in controlling Penicillium italicum (blue mold) and 
P. (ligiUtium (green mold) decay of Washington Navel and Valencia oranges 
in California. Its effectiveness for control of stem-end decay {Diplodia 
natalensis) was not known. 

As Texas lemons are commonly placed in a coloring (degreening) room 
for treatment with ethylene gas for one day to 6 or 7 days, depending upon 
harvest maturity, it was felt that the coloring room would be the logi(‘ul pla(;e 
to treat the fruit with a fnngicidal gas. Since ec'rtain chemicals had been 
demonstrated to be at least j)artially effective as di|)s before coloring, the 
experiments were set up in such a way that results could be obtained on 
dips alone, on gas alone, and on a combination of the dip and gas treatments. 

METHODS 

Eureka lemons were harvested early in October, late in October, and in 
December and January. As soon as the fruit was brought in from ihc field, 
composite samples of 2G0 fruits each were selected by taking 10 to 12 fruits 
of normal size and appearance from each of 17 to 20 field boxes. Injured 
or overripe fruits were discarded. Dipping was done as soon as sampling 
was completed, then all were phu^ed in the coloring rooms. Fruits in one 
room received the regular commercial coloring treatment with ethylene gas. 
Fruits in the other received ethylene interrupted at intervals for the in¬ 
troduction of the mixture of NCL and air. The first treatment with NCl.j 
always was applied in the evening of the day the fruit was harvested and 

1 Horticulturist, Division of Fruit and Vegetable Crops & Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
U, S. Department of Agriculture. 

2 Plant Pathologist, Rio Grande Valley Substation, Texas Agricultural Experiment 
Station. 

3 Godfrey, G. H., and A. L. Ryall. Control of transit and storage decay in Texas 
lemons. Texas Agr. Expt. Sta. Bui. (in press) 

4 Klotz, L. J. Nitrogen trichloride and other gases as fungicides. Hilgardia 10: 
27-52. 1936. 
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within a few hours of the time tlie fruit was placed in the coloring rooin. 
Four hours was the usual duration of treatment and the concentration of 
NCI3 varied from 0.003 to 0.04 p.p.m. Additional treatments with NCf, 
were made at intervals of 24 to 48 hours. 

The lemons were held in the coloring room for 8 days in early October 
but only 2 days in January, the time depending upon the degree of colora¬ 
tion when the fruits were harvested. At the completion of coloring they 
were removed from the room, examined for decay, wrapped in regular 
tissue wrappers, and packed in standard boxes which were held in a non¬ 
refrigerated storeroom in the warehouse at temperatures that varied from 
75° to 85° F. in October and from 50° to 75° F. in January. 

Each lot was inspected for decay one week after packing, after which it 
was repacked and held for an additional week to ten days. The final in¬ 
spection was made 20 to 22 days after harvest. 

RESULTS 

In lemons harvested early in October stem-end rot was responsible for 
all of the losses during the holding period (Fig. 1,A). The lot that received 
no dip after harvest and no nitrogen trichloride during degreening averaged 
over 50 per cent decay 1 week after packing and 70 per cent decay 2 weeks 
after packing. The lot that received no dip but was treated with a very low 
concentration (0.003 p.p.m.) of NCI3 in the coloring roifin had very little 
decay 1 week after packing but 13.5 per cent in the second week. A dip with 
the quaternary ammonium compound ^‘Adbac^^ had very little effectiveness 
at the concentration used, but when this dip was followed by treatment with 
NCI3 the stem-end rot was only 2 per cent 2 weeks after packing. 

In lemons picked in late October, stem-end rot was responsible for all 
of the decay found during the holding period (Fig. 1,B). One week after 
packing, the untreated lot of Eureka lemons had 64 per cent decay and the 
similar lot of Meyer lemons, a little less than 30 per cent. A slightly higher 
concentration of NCI3 (0.005 p.p.m. as CI2) than that used in the first test 
gave only fair control when used on non-dipped fruit. Neither the Adbac 
dip nor the thiourea dip, used without subsequent NCI3 treatment, was 
adequate for control although both substantially reduced decay as compared 
with no dip check. 

By the time the third experimental lot was picked (Dec. 9) the blue 
and green molds were becoming a factor in total decay, although stem-end 
rot still predominated, particularly in the non-gassed lots (Fig. 1,C). In 
this test the concentration of NCI3 was increased to 0.03 p.p.m. and the results 
indicate that the gas was more effective at this strength than at lower 
concentration. The untreated check had 22 per cent stem-end rot and 4 
per cent blue and green mold rot, or a total of 26 per cent decay, 17 days 
after packing, whereas the non-dipped but NCI3 treated fruit had 2 per cent 
stem-end rot and 1.5 per cent green mold rot, or a total of 3.5 per cent 
decay, after the same period. 
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With lemons harvested early in January, stem-end rot was of minor 
importance and the predominating decay was green mold (Fig. 1,D). The 
untreated check lot had over 29 per cent blue and green mold rot and less 
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Fig. 1. The control of decay in lemons after harvest as influenced by NCls gas 
and dip treatments: A. Lemons harvested Oct. 3, 1946; B. Harvested Oct. 23, 1946; 
C. Harvested Dec. 9, 1946; D. Harvested January 8, 1947. 

than 1 per cent stem-end rot 10 days after packing. Comparable lots 
treated with NCU at 0.04 p.p.m. during degreening developed 4 per cent 
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green mold rot and about 0.5 per cent stem-end rot. Neither sodium 
metaborate nor chlorine-solution dij) was satisfactory for control of green 
mold rot when such dips were the only treatments used. Results were 
better when both dips were followed by NCI.,; but the chlorine solution dip 
followed by NCI., had no advantage over the gas treatment alone. 

discussion 

Treatment of lemons with nitrogen trichloride at concentrations of O.OOJl 
to 0.04 p.p.m. for several periods of approximately 4 hours each during the 
degreening process was responsible for a significant reduction in the amount 
of stem-end rot and blue and green mold rot which developed during the 
holding period after packing. 

No evidence of injury to lemons was found as a result of treatment with 
NCI 3 at the concentrations used, and the interruptions in the ethylene gas 
treatment for the purpose of treating with NCI., appeared to have no sig¬ 
nificant effect upon the rate of degreening. 

The quaternary ammonium compounds tested were of litth'i promise 
when used alone; but when used as iiost-harvest dips followed by nitrogen 
trichloride treatment, both compounds gave results somewhat better than 
w'crc obtained with the gas treatment alone. Sodium metaborate solution 
alone was partially effective for the control of both stem-end and green 
mold rots. However, when sodium metaborate was used in combination with 
NCI3 gas the control of rot was better than wdth the dip alone or the gas 
alone. None of the solutions used as dips had any visibly adverse effects 
upon the lemons either when used alone or when used in combination with 
nitrogen trichloride. A slight bleaching resulted from the use of a dilute 
chlorine solution, but this added to rather than detracted from the appear¬ 
ance of the lemons. 

There were seasonal differences in the type of decay; stem-end decay 
was completely dominant in October, some Penicillium decay appeared in 
December’ and in January the green mold was predominant and there was 
little stem-end decay. This changing relationship undoubtedly is closely 
related to temperatures in the grove and in the warehouse after packing. 
Diplodia stem-end decay requires relatively high temperatures for optimum 
development, wdiereas green mold and blue mold fungi thrive at consider¬ 
ably lower temperatures. Outdoor temperatures in October averaged about 
78° F., whereas in early January they averaged about 60° F. 

summary 

Certain chemical solutions as post-harvest dips and the use of nitrogen 
trichloride gas in the degreening room are discussed in connection with the 
handling of Eureka and Meyer lemons. 

Nitrogen trichloride, in concentrations ranging from 0.003 to 0.04 p.p.m., 
when applied for 2 to 4 periods of approximately 4 hours each during Je- 
greening reduced stem-end and green mold rots materially. 
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Two quaternary ammonium compounds, sodium metaborate, and chlorine 
solutions were of only fair fungicidal value when used as dips at the con¬ 
centrations tested; but when combined with nitrogen trichloride gas treat¬ 
ments in the coloring room they controlled both stem-end and green mold 
rots. 

The relative importance of stem-end rot and green mold rot changes 
during the season, stem-end rot being dominant in October and green mold 
rot of major importance in January. 

Division of Fruit and Vegetable Crops and Diseases, 

U. S. Department of Agriculture 
and 

Department of Plant Pathology, 

Texas Agricultural Experiment Station. 



A COMPARISON OF FUNGICIDAL TREATMENTS FOR THE 
CONTROL OP DECAY IN CALIFORNIA CANTALOUPES 

W. R. Barger, James S. Wiant, W. T. Pentzer, 

A . Lloyd R y a l l , and D . 11 . I) e w e y i 

(Acpopted for publication August 7, 1948) 

Decays of western-grown cantaloupes are not infrecptently observed in 
shipments arriving on eastern terminal markets or durnig the several-day 
marketing period following unloading. When refrigeration is inadequate, 
the transit period abnormally long, or the cantaloupes unusually ripe, decay 
is more prevalent. The decays most commonly observed are rhizopus rot, 
cladosporiuni rot, alternaria rot, and fusarium rot.‘ 

Tests were begun in 19411. and continued at irregular intervals through 
1946, to determine whether some of the fungicidal treatments used with 
other fruits and vegetables might have value in controlling cantaloupe de¬ 
cays. 

The studies included: (1) storage tests at Fresno, California, (2) ship¬ 
ping tests from Fresno (or the vicinity thereof) to New York (Uty, and (3) 
laboratory tests with nitrogen trichloride at New York (^ity. 

MATERTAIiS AND METHODS 

The following treatments were tried: 

Gas treatments. Ozone, carbon dioxide, sulfur dioxide, nitrogen tri¬ 
chloride. 

Washes, Sodium tetraborate, sodium metaboratc, boric acid, sodium 
hypochlorite, calcium hypochlorite, merthiolate, (piaternary am¬ 
monium compounds. 

Dusts. Sulfur, sodium bisulphite. 

Waxes. Carnauba-paraflin wax emulsion, wax-sodium bisulphite mix¬ 
ture. 

Wraps. Diphenyl, copper-oxyquinoline. 

Treated ice. Tee containing benzoic acid or chloramine. 

The materials were tested by treating fairly large samples of melons, 
relying upon natural infection and repeated tests to establish their effec¬ 
tiveness. After treatment the melons in the storage tests were held at 
temperatures of 50° F. or above to promote the growth of the fungi causing 
decay. In all tests, fully mature ‘‘choice’’ or “hard-ripe” melons of the 
Powdery Mildew Resistant No. 45 variety were used. 

1 Tho authors are, respectively, associate physiologist, senior pathologist, senior phys¬ 
iologist, horticulturist, and assistant physiologist in tho Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agri¬ 
cultural Research Administration, IT. S. Department of Agriculture. 

2 Wiant, James S. Investigations of tho market diseases of cantaloupes and noney 
dew and honey ball melons. IT. S. Dept. Agr. Tech. Bui. 573. 1937. 
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STORAGE TESTS 

In a preliminary test in 1943, cantaloupes were exposed to ozone in con¬ 
centrations of 20 p.p.ra. up to nine hours at 70° F. The treatment was in¬ 
effective in controlling subsequent decay in spite of the high concentration 
used. These results were verified in later tests (Table 1, Test 1) when ozone 


Table 1. —Comparison of fungicidal treatments for the control of decay in canto- 
loupes, 1943 season 


Treatment No. of melons 

Percentage of 
melons decayed 

Test 1. Sept. 1-13; stored 7 days at 65°, and 5 days 
at 50° F. 

Untreated 

45 

80 

CO 2 storage* 

42 

90 

Ozone fumigation, 20 p.p.m., 8 hr. 

56 

79 

Sulfur dust 

45 

62 

Sodium bisulphite dust 

45 

36 

Test £, Sept, 14-30; stored 14 days, slow cooling 70° 

9 


to 55° F. 

Untreated 

45 

91 

COa storage^ 

13 

77 

SOa fumigation, 0.25 per cent, 20 min. 

45 

76 

Sodium bisulphite dust 

26 

73 

SOo fumigation, 1.0 per cent, 20 min. 

44 

68 

Wax coating (Brogdex B-123) 

27 

52 

Sodium hypochlorite wash, 0.2 per cent (T., 2 min. 

14 

21 

Wax-bisulphite coatingc 

26 

11 

Borax wash, 2^ per cent, 100® F., 2 min. 

12 

0 

Test 3, Oct. 1-18; stored 1i days (t day 70°, 3 days 



65°, 10 days 50° F.) 

Untreated 

30 

80 

vSodium hypochlorite wash, 0.2 per cent Ch, ^ min. 

30 

44 

Borax wash, 2J per cent, 75®, ^ min., rinsed 

30 

40 

Borax wash, 2^ per cent, 110®, ^ min., rinsed 

30 

20 

Borax wash, 2^ per cent, 75®, i min., not rinsed 

30 

7 

Borax wash, 2J per cent, 110®, i min., not rinsed 

30 

0 


aKefrigerator car concentrations: 17-30 per cent first 17 hours, 6-8 per cent fol¬ 
lowing four days. 

b Kefrigerator car concentrations; 20-28 per cent first 17 hours, 6 per cent five days, 
c Wax and sodium bisulphite in proportion of 75 gm.; 35 gm. 

was compared with sulfur dust, sodium bisulphite dust, and carbon dioxide 
atmospheres comparable to those obtained in refrigerator cars in cherry 
shipments.'^ Sodium bisulphite dust was the best of these treatments in 
1943, but other materials were superior to it in test 2 (Table 1) when it was 
compared with sulfur dioxide fumigation, borax and hypochlorite washes, 
carbon dioxide atmospheres, and waxes. In test 2, borax gave perfect con¬ 
trol of decay for the 14-day holding period. The wax-bisulphite mixture 
was next in effectiveness, followed by sodium hypochlorite. The other treat¬ 
ments were unpromising in comparison with these three. Fumigation with 

3 Gerhardt, Fisk. A study of COj gas retention in refrigerator cars during the com¬ 
mercial freight shipment of sweet cherries. H. T. & S. Office Kept. 75, TJ. S. Dept. Agr., 
Bur. Plant Ind., Soils, and Agr. Engin. 1941. 
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sulfur dioxide caused no injury of any consequence even in one per cent con¬ 
centration, but it was of little value in controlling decay. The wax-bisul¬ 
phite treatment, omitted in later tests, resulted in an unsightly deposit of 
wax on the melons owing to break down of the emulsion; there was also 
some browning of the stem scars. Additional tests with borax (Test 3, Table 
1) demonstrated that warming the solution enhanced its fungicidal action, 
especially when it was not rinsed from the melons. Similar conclusions 
were drawn from work done on the control of citrus rots with borax washes.^ 

Table 2. —Comparison of fungicidal treatments for the control of decay in canta¬ 
loupes, 1944 and 1946 


Treatment No. of melons Percentage of 

melons decayed 


Test 4, Aug, 8-17, 1944; stored 6 days at 65° F, 


Untreated 



Wrapped, untreated paper 

60 

73 

Wraps, containing 1.5 i)er cent Cu., 1.2 per cent oxy 

60 

87 

quinoline, 11 per cent mineral oil 

60 

88 

Biphenyl wraps 

60 

73 

NCla fumigation, 5 hr., 11 mg. per cu. ft. 

72 

32 

Sodium hypochlorite wash, 1.0 per cent Cl,, 2 min. 

60 

8 

Merthiolate wash, 1; 20,000, 2 min. 

60 

o 

Borax wash, 5 per cent, 100® P., 2 min. 

60 

0 


Test 5. Aug. 17-26, 1944; stored 6 days at F. 

Untreated 

Sodium bisulphite wash, 2.0 per cent SO 2 , 2 min. 

NCl.i fumigation, 4 hr., 15 mg. i)cr cu. ft. 

Sodium hypochlorite wash, 0.75 per cent Ch, 2 min. 

Mcrthiolate wash, 1: 20,000, 2 min. 

Wash, borax per cent, boric acid 2^ ijer cent, 75® F 
2 min. 

Borax wash, 5 per cent, 100® ¥., 2 min. 

Test 6. Sept. 17-27, 1946; stored 10 days at JO® F. 

Untreated 

No bac ice covering* 

Cetyl trimethyl ammonium bromide wash, 1: 1,00( 

2 min. 

Phenolatcd quaternary wash, 1: 1,000, 2 min. 

Lauryl dimethyl benzyl ammonium chloride wash, 1: 1 
000, 2 min. 

Calcium hypochlorite wash, i per cent Ch, 2 min. 

* Contained benzoic acid and chloramine in unknown quantities, melons covered with 
crushed ice three days. 


60 

58 

60 

42 

60 

32 

60 

20 

60 

20 

60 

8 

60 

2 

60 

42 

60 

33 

b 

60 

18 

60 

15 

60 

7 

60 

7 


Sodium hypochlorite was also used in test 3 but it was not so effective in con¬ 
trolling decay as borax solutions. 

The tests were continued the following season using stronger concentra¬ 
tions of borax and of hypochlorite as well as other materials. A warm 5 per 
cent borax solution again gave perfect control of decay (Test 4, Table 2); 
next in order were merthiolate (1: 20,000 dilution), and sodium hypochlorite 
washes. Diphenyl wraps and copper-oxyquinoline wraps were of no ap- 

4 Winston, J. R. Reducing decay in citrus fruits with borax. U. S. Dept. Agr. 
Tech. Bui. 488. 1935. 
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preciable value. Nitrogen trichloride fumigation reduced subsequent decay 
to about half that in the untreated melons. These four effective treatments 
and a sulfurous acid solution made with sodium bisulphite were compared in 
another test. A warm solution of borax gave the best control, followed in 
effectiveness by a borax-boric acid mixture, merthiolate, sodium hypochlo¬ 
rite, and nitrogen trichloride (Test 5, Table 2). Other materials, including 
calcium hypochlorite, quaternary ammonium compounds, and a bactericidal 
ice, were tried in test 6 (Table 2). Calcium hypochlorite and one of the 
quarternary compounds gave good control of decay during a 10-day i)eriod. 
Covering the melons with bactericidal ice, as used commercially on fish, 
was of little value against cantaloupe rots. 

shipping tests 

At the end of the second season’s trials (1944) a test shipment of treated 
cantaloupes was sent to New York as part of a commercial carload of melons. 

Tablf. 3. —Decay development in test shipments from Cal^ornia to New York, 
New York 


Treatmenta 


No. of melons 


Percentage of 
melons decayed 


Shipment 1. Aug. 25-Sept. 5, 1344; 12 days in transity 



4 days on market 

Untreated 

89 

66 

Borax wash, 5 per cent, 100“ F., 2 min. 

Borax wash, nitrogen trichloride fumigation, 5 hr., 17 

63 

25 

mg. per cu. ft. 

90 

24 

Nitrogen trichloride fumigation, 5 hr., 17 mg. per cu. ft. 

89 

24 

Shipment 2. Aug. 28-Sept. 9, 1945; 12 days in transit, 



2 days on market 

Untreated 

59 

42 

Sodium metaborate wash, 5 per cent, 78® F., 2 min. 

Calcium hypochlorite wash, 0.3 per cent Cb, 78° F., 

61 

10 

2 min. 

60 

9 

Nitrogen trichloride fumigation, 6 hr., 25 mg. per cu. ft. 

63 

8 

Shipment 3, Aug. 28-Sept. 9, 1945; 12 days in transit, 



3 days on market 

Untreated 

51 

31 

Calcium hypochlorite wash, 0.3 per cent CL, 78° F., 

46 

20 

2 min. 

Nitrogen trichloride fumigation, 6 hr., 25 mg. per cu. ft. 

52 

10 

Sodium metaborate wash, 5 per cent, 78° F., 2 min. 

54 

4 


a Washes applied prior to packing of Shipment 1; Washes applied to packed crates 
of Shipment 2 and 3. Fumigation after packing and loading. 


A warm borax wash for melons prior to packing was compared with nitrogen 
trichloride fumigation and with a combination of both treatments. All 
the treatments gave some control of decay and were about equal in effective¬ 
ness (Shipment 1, Table 3). The following season sodium metaborate (more 
soluble in cold water than borax) and calcium hypochlorite solutions used 
as dips for packed crates of melons were compared with nitrogen trichloride 
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fumigation in two shipments to New York. Tn one of tlie test ears all three 
treatments gave about the same control (Shipment 2 , Table 3 ); in the other, 
sodium metahorate was the best of the three treatments (Shipment 3 
Table 3). 

TOLERANCE OF CANTALOUPE PATHOGENS TO NITROGEN TRICHLORIDE 

Ill earlier tests on cantaloupes, nitroj*:en tri(*liloricle fumigation gave 
rather erratic results.® Concentrations employed were 5 to 10 mg. per 
cubic foot.® In one test when 12 mg. per cubic foot was tried, better control 
was obtained. In the trials reported here the concentrations were 11, 15, 
17, and 25 mg. per cubic foot and rather consistent reduction in decay was 
observed. 

Tolerance tests with NCI 3 on cultures and viable spores of cantaloupe 
pathogens were made using methods described by Klotz.* Higher concen¬ 
trations were required to kill spores of the fungi on dried filter paper plates 
(some mycelium no doubt was included in the transfer) than cultures 1 to 4 
days old on agar plates. Five hours’ exposure to concentrations of 15 to 18 
mg. NCI 3 per cu. ft. failed to give complete kill of spores of any of the fungi, 
which included Alternaria sp., two strains of Rhizopm sp., CAadosporhim sp., 
Fusarium sp., and Botrytis sp. Higher concentrations of 20 to 22 mg. per 
cu. ft. were lethal except to one of the strains of Rhizopiis. In another test, 
21 to 22 mg. per cu. ft. failed to kill all spores of Alternaria, EhizopuSy or 
Cladosporium with an exposure of 5 hours, whereas agar cultures were 
killed in 1 to 3 hours. 

These tests indicate that a complete kill of fungi causing cantaloupe 
decays cannot be expected by fumigation with NCU and that mycelium in 
early-stage shallow infections might be easier to kill than spores. Concentra¬ 
tions of 20 to 23 mg. of NCI 3 per cu. ft. for 5 hours are preferable to lower 
concentrations and shorter exposures. The appearaiu'e of the melons was 
unaffected, except for greening of the sutures, by 5| hours’ fumigation with 
concentrations as high as 29 to 30 mg. NCI 3 per cu. ft. 

DISCUSSION 

The chief decays encountered in the present tests were rhizopus rot and 
cladosporium rot. The latter was the principal decay found at the lower 
temperatures. For many of the materials tested only negative results were 
obtained. 

5 Pentzer, W. T., James S. Wiant, and John H. MaeUillivray. Market qrality and 
condition of California cantaloupes as influenced by maturity, handling, and i)r('c()oling. 
U. S. Dept. Agr. Tech. Bui. 730. 1940. 

6 Concentrations as given in Technical Bulletin 730 were changed to agree with 
corrected conversion curve of color disc readings of CU to mg. of NCU worked out by 
the Wallace & Tiernan Company who cooperated in these tests. Credit is duo H. K. 
Parker of that firm for his assistance in tests on toxicity of NCU to spores and cultures 
of cantaloupe pathogens. 

7 Klotz, L. J. Nitrogen trichloride and other gases as fungicides. Hilgardia 10: 
27-52. 1936. 
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The three treatments that showed most promise in the control of decay 
were sodium borate and sodium hypochlorite washes and nitrogen trichloride 
fumigation. Merthiolate was a good fungicide in dilute solution of 1: 20,000 
but it cannot be recommended; food authorities object to its mercury content. 
One of the quaternary ammonium compounds tried (lauryl dimethyl am¬ 
monium chloride) gave fairly good control but it is not known whether its 
use would be approved by food authorities. Fumigation with sulfur dioxide, 
as used for grapes, proved to be of less value than hypochlorite or borate, 
washes. 

Normally cantaloupes are packed ‘^dry^’ without washing, therefore the 
use of antiseptic washes such as borax and hypochlorite solutions would 
necessitate the addition of equipment for this purpose. 

Fumigation with nitrogen trichloride requires the use of a generator for 
manufacturing the gas as it is needed. It is not practicable to store the gas in 
cylinders. Treatment of entire carlots of cantaloupes with nitrogen tri-. 
chloride is used commercially by several California shippers. The gas is 
introduced from generators into refrigerator cars soon after loading is 
completed. A treating period of about 5 hours is employed, with air circula¬ 
tion provided within the car by some type of fan. 

U. S. Department of Agrioulti3RE, 

Fresno, California. 



PHYTOPATHOLOGICAL NOTES 

Bird^s Eye Spot Disease of Hevea Rubber in Nicaragua} —In October, 
1943, after a period of drought lasting approximately three weeks, there 
was a severe outbreak of a leaf disease of Hevea brasiliensis (II. B. K.) 
Muell. Arg. in nurseries in eastern Nicaragua. The causal organism pro¬ 
duced lesions on the leaf blades varying from minute pinpoints to spots of 
5 to 6 mm. in diameter and was identified as Helminthosporium heveae 
Petch.^ In the initial stages the lesions are dark purple but as they enlarge 
the edges of the circular spots become lighter purple enclosing a greyish- 



Fig. 1. Naturally infected leaf of seedling Hevea brasiliensis (H. B. K.) MueU. 
Arg, showing lesions of Helminthosporium heveae Fetch. Note the excision of^ we 
marginal leaf tissues, the shot-hole effect, and the distortion of the leaflet at the right. 
Photographed at El Becrco, Nicaragua, by James T. Mitchell. 


white central portion. In heavily infected leaves, the lesions coalesce and 
form irregular patterns (Fig- !)• Besides attacking the leaf blade, the 
fungus formed lesions in abundance on the succulent growing tips of 4- to 
6-week-old rubber seedlings. Moreover, slightly elongated spots were com¬ 
mon on the midrib and petioles of juvenile leaves. In advanced stages of 
the disease the young leaves tend to become distorted and concavely cupped, 
and the tips and margins of the leaves die, followed by excision of these 


1 A contribution from the Scrvicio Tccnico Agricola dc Nicaragua, a technical 
agricultural service organization for eastern Nicaragua operated ,iointly by we Govern- 
ment of Nicaragua and by the Office of Foreign Agricultural Relations U. 8. Department 
of Agriculture This study was made possible by funds provided through the United 
States Interdepartmental Committee on Scientific and Cultural Cooperation and funds 

from the Government of Nicaragua. , v nr t i« a 

2 The identity of this organism was confirmed by Mr. John A. Stevenson, Divi^ 3n 

of Mycology and Disease Survey, to whom the writer is grateful. 

10_>5 
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parts. Severe infections cause the abscission of the top “flush’’ of juvenile 
leaves. In older leaves the central dead portions of the lesions drop out, 
leaving a shot-hole appearance. 

Under Nicaraguan conditions there were from 29 to 681 lesions per leaf¬ 
let, and plants in several acres of nurseries containing over 500,000 seedlings 
from 1 to 14 months old were infected. In a single bed containing 242, 5- 
month-old plants, 100 per cent were infected. Of these, 7.4 per cent had 
lost all the leaves of the top “flush.” 

In an adjacent clonal garden several clonal varieties reputed to be high 
in latex yield were also susceptible to the disease. The average count of 
lesions on 10 terminal leaflets showed fewer spots than on the seedlings 
(Table 1), but this may be attributed to the spacing of the two types of 
plants and subsequent effects of environmental conditions. The seedlings 
were spaced one foot apart each way whereas the clones were planted in 
rows spaced six feet apart and the plants were spaced four feet apart in 
the rows. 


TABLED 1.— Clones of Hevea brasiliensis showing percentage of plants infected and 
the average number of lesions per terminal leaflet 


Clone 

Plants infected 
(Per cent) 

Ave. No. of lesions 
per leaflet 

GA.-49 

100 

64 

GA.-308 

100 

16 

G A.-1264 

100 

19 

GA.-1279 

100 

47 

GV.-21 

100 

19 

GV.-31 

100 

24 

GV.-37 

80 

41 

GV.-42 

100 

13 

GX.-26 

100 - 

15 


From table 1 it can be seen that none ot‘ the clonal material escaped in¬ 
fection even though the number of lesions per leaflet varied from a minimum 
of 13 to a maximum of 64 in clones GV.--42 and GA.-49, respectively. 

In Nicaragua, where a large-scale budding program was in progress, 
it was noted that in severely infected seedlings which had lost the top 
“flush” leaves through defoliation, budding successes or “takes” were poor. 
In a trial where 100 plants with defoliated top “flushes,” and a similar num¬ 
ber of slightly infected plants that retained their foliage, were budded under 
identical atmospheric conditions the successes were four times greater in 
the latter than in the former. On the basis of this trial, defoliated plants 
were not budded thereafter since seedlings were available in abundance. 
However, had there been a scarcity of stock plants, control measures would 
have been required. 

Although the importance of this leaf disease is insignificant when com¬ 
pared with that of the South American leaf blight (Dothidella iilei P. 
Ilenn.), yet it can be of importance in that budding successes may be de- 
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creased when defoliation occurs.— Arthur (1. Kevorkian, formerly KSenior 
Patholog:ist, Technical Collaboration Branch, Office of Korei^^n Aj 2 :ricul- 
tural Relations, U. S. Department of A<«:riculture. Atkins Garden and Re¬ 
search Laboratory, Harvard Hniversity. 

Powdery Mildew Resistance in Cveumher .—^Powdery milder(Erysiphe 
cichoracearum D. C.) on cucumbers has been reported from widely sepa¬ 
rated localities of the world but is of relatively little economic importance 
in most of these areas. Field infection of sufficient severity to require some 
means of control has been reported from Palestine, Germany, and Australia, 
and control measures are sometimes necessary in California. No reference 
to resistance to this disease has been found, and apparently no systematic 
search for powdery mildew resistance has been made. 



Fifl. 1. Powdery mildew on cucumber. A. Leaf of Puerto Rico No. 37 with only a 
trace of mildew. Sharply outlined white spots aro mechanical injuries. B. T^eaf of sus¬ 
ceptible Abundance variety. 

In 1940 seed of Puerto Rico No. 37 was received from Dr. Arturo Rocpie 
of the Puerto Rico Agricultural Experiment Station for trial observation. 
Plants of this variety and of the Abundance variety were frrown in the 
greenhouse the following winter during which powdery mildew from natu¬ 
ral sources appeared. The Abundance variety became severely infected 
while the Puerto Rico No. 37 had only a trace of mildew (Pig.l). Crosses 
between these two varieties were made and the Fi grown the following sum¬ 
mer. In the winter of 1942—43 a small population ot Fi and P 2 plants were 
grown in the greenhouse. These were inoculated artificially and, at about 
time of fruit set, rated for degree of infection, according to a system similar 
to that used by Pryor and Whitaker^ in which 0 = disease free and 4 = 
severely diseased. No effort was made to determine which strain of mildew 

1 Pryor, D. E., and T. W. Whitaker, The reaction of cantaloupe strains to pov dery 
mildew. Phytopath. 32: 995-1004. 1942. 
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was involved. In this test Snow^s Perfection variety was substituted as the 
susceptible check instead of the Abundance variety used in the hybrid. Both 
varieties are hij?hly susceptible. 

Although two of the three plants of Puerto Rico No. 37 were free of dis¬ 
ease at the time the readings were made, some disease developed on them 
later. The susceptible checks and hybrids by this time, however, were 
nearly dead from mildew. The susceptibility of the Fi and range in sus¬ 
ceptibility of the F 2 population show that resistance is a result of multiple 
factors and is not complete. In the F 2 population, 5 plants out of 110 
approached the resistant parent in degree of resistance, so that, with larger 
F 2 populations, a degree of resistance about equivalent to that of Puerto 
Rico No. 37 should be obtained. 

TABLE 1. —Powdery mildew ratings of resistant, susceptible, and F, and Fg hybrid 
progenies. Numbers are totals of plants in each class. Snow*8 Perfection was substi¬ 
tuted for Abundance as the susceptible checlc variety. Both are highly susceptible 


Disease index 


V aixctjr 

0 

1 

2 

3 

4 

Snow *8 Perfection . 





3 

Puerto Bico No. 37 . 

Abundance x Puerto Bico No. 37 F,. 

2 

1 


3 

6 

do Fa , . 


5 

38 

39 

28 


Inasmuch as Puerto Rico No. 37 has not been selected for resistance to 
powdery mildew, it might be possible within this variety to select for a 
higher degree of resistance than has been seen in the few plants observed. 
Although this variety has genes for resistance ’to both downy and powdery 
mildew, it is unlikely that downy mildew resistant varieties derived from 
Puerto Rico No. 37 should retain the powdery mildew resistance of that 
parent.— Paul G. Smith, University of California, Davis, California. 

Needle CurV^ of Shortleaf Pine Seedlings .—A needle deformity called 
“needle curP' (Fig. 1) developed on about two hundred 2-year-old short- 
leaf pine (Pinus echinata Mill.) seedlings potted for a root inoculation ex¬ 
periment.^ The seedlings were transplanted in April when the secondary 
needles on the new terminal shoots had just started to emerge from their 
sheaths. An anatomical study of the shoots showed that the expansion of 
the fascicular sheaths was inhibited by the temporary water deficiency 
caused by transplanting. As a result, the failure of the sheaths to open 
normally, caused a mechanical constriction of the growth of the needles. 
Subsequent growth and vigor of the seedlings was not reduced by the needle 
deformity. After establishment in the pot cultures, the growth of the sec¬ 
ondary needles was normal. 

1 Jackson, L. W. B. Boot defects and fungi associated with the little-leaf disease 
of southern pines. Phytopath. 36: 91-105. 1945. 
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Needle curl has been observed on an occasional shortleaf pine seedling 
growing on dry exposed sites in the vicinity of Athens, Georgia. During 
the course of recent pot-culture experiments on the cause of the little-leaf 
disease, it was found that needle curl can be induced on 1-year-old seedlings 
of shortleaf pine, and slash pine {Finns caribaea Morelet) by reducing the 
soil moisture to the wilting point when the secondary needles are just 
emerging from the fascicular sheaths. Therefore, the curled growth of 
needles on pine seedlings is regarded as a drought symptom. 

The relation of needle curl to drought stress is of particular interest 
because Neilson-Jones^ attributed the formation of the concertina-like 



Fig. 1 . Needle curl on shoots of 2-year-old shortleaf pines. 

needles associated with the fused needle disease of lodgepole pine {Finns 
contorta) in England to a sudden reduction of the water supply at the time 
the needles were beginning to expand. Young’^ also reported that the con¬ 
certina-like needles of pines affected with the fused needle disease in Aus¬ 
tralia were caused by a failure of the opening of the fascicles.—L. W. R. 
Jackson, George Foster Peabody School of Forestry, University of Georgia. 

The Occnrrence of Fhytophthora parasitica on Corn} —Four corn plants 
among a group of 45 growing in the greenhouse in the winter of 1947 began 

2 Noilson-Jones, W. Fused needle disease of pines. Empire For. Jour. 20: 151-161. 
1941. 

3 Young, H. E. Fused needle disease and its relation to the nutrition of Pinus. 
Queensland Agr. Jour. (Australia) 63: 45-54. 1940. 

1 Contribution from the Bureau of Plant Industry, Soils, and Agricultural Engineer¬ 
ing, Agricultural Research Administration, U. S. Dept, of Agriculture; ^e Purdue 
University Agricultural Experiment Station; and the Missouri Agricultural Experiment 
Station, cooperating. Journal Paper No. 353 of the Purdue University Agricultural 
Experiment Station. 
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to show signs of wilting when 18 to 36 inches tall. The plants were growing 
in compost soil in 12-inch clay pots. The affected plants began to wilt 
during a period when the temperature and relative humidity were high. 
Spread of the disease to the remaining plants was stopped by lowering the 
temperature and humidity in the house and reducing the amount of water 
given the plants. 

The youngest leaves in the whorl were the first to show wilting, but all 
the leaves on a plant were involved after 10 to 14 days. A crown rot was 



Fig. 1. A. Crown rot of a young corn plant caused by Phytophthora parasitica, B. 
Buckeye rot on green tomato fruit, 72 hours after inoculation with P. parasitica isolated 
from corn. 


observed just below the soil line when affected plants were dug (Fig. 1). 
The rotted area was deep brown, firm', slightly depressed, and appeared to 
spread slowly toward both the roots and stalk. 

Isolations were made on tap-water agar without difficulty. Inoeulations 
with pure cultures of the isolate into the crowns of healthy corn plants, 
that ranged in height from 12 to 30 inches, resulted in typical wilting and 
crown rot. Mycelium of the isolate placed over corn kernels planted in sand 
induced complete rotting before emergence. Inoculations into healthy 


1948] 


Phytopathological Notes 


1031 


Grimes Golden apples produeed a soft, brown, rotted area 4 to 5 cm. in 
diameter after 96 hours of incubation. Only a very limited invasion of 
potato tubers took place in the same time. Mycelium of the isolate placed 
on the unwounded surface of green tomato fruits produced typical symptoms 
of buckeye rot within 72 hours (Fig. 1). 

The fungus produced an abundance of sporangia and zoospores in 
sterile distilled water after previous nourishment on sterile pea broth. 
Zoospores, which were ejected directly from the sporangia, were oval to 
kidney-shaped and bore two flagella. The fungus grew well on several of 
the common vegetable extract agars at 24to 26° C. On grated carrot agar, 
the sporangia were 47-78 /i x 21-46 /x with means of 49.2 /x x 32.1 /x. Chlamy- 
dospore diameter was 18-40/x with a mean of 26.3/x. No oogoiiia or an- 
theridia have been observed on any substrate. 

From its morphology, cultural behavior, growth at critical temperatures, 
and from symptoms produced on tomato fruits, the pathogen has been 
identified as Phytophthora parasitica Dastur. An isolate of the same species 
obtained from soil in a greenhouse at Columbia, Missouri, in which buckeye 
rot was prevalent in a recent tomato crop, was used for comparative in¬ 
oculations. Both isolates proved pathogenic to both corn and tomatoes. In 
wound inoculations on both hosts, the isolate from corn was significantly 
more virulent than the one from tomato; the differences, however, were 
quantitative. There ^vere no definite differences that might be considered 
of sufficient importance to distinguish the isolates as physiologic forms. 

Comparative studies on the morphology of the isolates from corn and 
tomato revealed only minor differences in the ratio of sporangium length 
to diameter and in the diameter of chlamydospores. The differences fell 
well within the range for the species as reported by the junior author.^ 

The occurrence of the genus Phytophthora as a parasite on corn is un¬ 
usual. Clinton^ reported P. cactornm on corn, basing his identification 
on the presence of oospores in the rotted roots. His figures, and the sub¬ 
sequent studies on root rots of corn, suggest that the oospores may have 
been those of a species of Pythium, Sideris^ found an unidentified species 
of Phytophthora to be weakly parasitic when inoculated into corn roots.— 
Arnold J. Ullstrup, Department of Botany and Plant Pathology, Purdue 
University Agricultural Experiment Station, Lafayette, Indiana, and the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, U. S. Dept. Agriculture; and C. M. Tucker, 
Department of Botany, University of Missouri, Columbia, Mo. 

A simple method of preserving tohacco-mosaic sera. —In our laboratory 
the immune sera of tobacco mosaic virus used to be stored in sterile tubes 

2 Tucker, C. M. The taxonomy of the genus Phytophthora. Mo. Agr. Exp. Sta. Res. 
Bui. 53. 1931. 

3 Clinton, G. P. New or unusual plant injuries and diseases found in Connecticut, 
1916-1919. Conn. Agr. Exp. Sta. Bui. 222: 397-482. 1920. 

^ Sideris, C. P. Taxonomic studies in the family Pythiaceae II. Pythium. Mj ^ ol. 
24: 14-61. 1932. 
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and preserved by refrigeration in an ice-chest, because the addition of pre¬ 
servative was not advisable. It was found recently, however, that the fol¬ 
lowing method was also promising for preserving the sera. The immune 
sera, about 0.5 cc. in volume, were distributed into sterilized test-tubes, 5 cm. 
long and 0.8 cm. wide, and immediately dried in vacuo by use of sulphuric 
acid. The sera can be perfectly dried within several hours, or overnight 
at the longest, and they stick fast to the glass wall of the tube. All the 
tubes thus treated were then plugged, sealed with paraffin, and stored in a 
laboratory-chest (the cooler the better). At the time of use an exact 
amount of distilled water is added to make the serum concentration the 
same as the original, and the tube is kept at room temperatures (15° - 30° 0). 
It takes several hours to make all the serum sticking to the glass wall dis¬ 
solve in water, provided the sealed tubes have been kept in a cool place. 
The sera when completely dissolved arc of the same transparency as when 
frozen, or sometimes very slightly turbid as compared with frozen sera. 


TABLE 1 .—The efficacy of dried and frozen antisera for tobacco mosaic 


Aiitiseraa 

Method and 
period of 
j)rcscrvation 

Date of sero¬ 
logical test 

Precipitin reaction^ 
and dilution 
of sera 

A 

J')ried 

Days 

232 

Apr. 13, 1948 

-f at 1/320 


Frozen 

do 

do 

+ at 1/320 

B 

Dried 

306 

June 26, 1948 

± (-) at 1/320 


Frozen^ 

do 

do 

± at 1/40 


a The antiserum was obtained from a ral)bit that was bled Aug. 24, 1947. 
b The + indicates a distinct precipitin reaction; ± indicates a slight x>recipitation; 
and (-) indicates a tendency toward a negative reaction. 

c The sample thawed for some time during storage because of refrigerator trouble. 

The dissolved serum is ready for serological study. The results of some 
experiments with dried sera in comparison with frozen sera are in table 1. 

The titre of the dried antiserum A was not reduced in comparison with 
that of the frozen antiserum A, when tests were made after 232 days. The 
titre of the dried antiserum B was not much reduced after 306 days. The 
marked reduction in titre of the frozen antiserum B may be attributed to 
the accidental thawing of the serum during storage.—T. Matsumoto and 
Chin-how Lee, National Taiwan University, Taipeh, Formosa, China. 

A Seedling Blight of Avocado Caused by Phytophthora palmivora ,—In 
October, 1947, the writer ^s attention was called to an unusual disease of 
avocado seedlings growing in a slathouse of a large nursery near Princeton, 
Florida. Nearly all of approximately 4,000 seedlings, grown for use in graft¬ 
ing, were severely attacked by a blight that rendered them unfit for use 
as rootstocks. All of the aerial parts of the plants were attacked to some 
degree, as well as the scions of plants already grafted. The seedlings. 
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grown from seed of several varieties, showed no observable differences in 
reaction. This outbreak occurred during a period of heavy rainfall and 
high humidity. 

Affected matured leaves had large, irregular, reddish-brown necrotic 
areas that appeared to enlarge most rapidly in the direction of the major 
veins (Fig. 1). Lesions in young leaves were darker in color, and such 
leaves were usually curled or twisted. The terminal bud was frequently 
attacked and killed. Stem lesions, observed only on succulent stems, were 
dark brown, elongate, sunken, and appeared to result from the progress of 



Fig. 1. Leaves of avocado seedlings with symptoms resulting from natural infection 
with Phytophthora palmivora. 


the disease into the stem from the petioles. Stem lesions frequently caused 
the stem to break and occasionally led to the death of the seedling. 

Conidia of a Phytophthora were constantly found in the diseased areas, 
though not in abundance. Isolations from the margins of diseased areas 
uniformly yielded pure cultures of Phytophthora palmivora Butler.^ Un¬ 
injured avocado seedlings were inoculated on the leaves and stems by atomiz¬ 
ing a conidial suspension obtained from cultures of this fungus, and the in¬ 
oculated plants were covered with a bell-jar for 48 hours. Individual lesions 
were at first watersoaked and generally circular until a major vein was 
contacted. Subsequent enlargement of a lesion was most rapid along the 

1 The author is indebted to Dr. C. M. Tucker, Department of Botany, University of 
Missouri, for the identification of this fungus. 
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veins. Stem infections resulted from the progress of the fungus into the 
stem from the leaf. Symptoms, as seen in the nursery, were evident after 
5 to 7 days. The fungus was readily recovered from the lesions. 

An examination of the available literature disclosed only one other record 
of the avocado being a host of this fungus. Tucker^ listed avocado as a 
host of P. palmivora in the Philippines and cited Keinking^ as the authority. 
An examination of Reiriking’s publication revealed, however, that he did 
not designate the species of Phytophthora involved, but merely stated that: 
‘‘It resembles somewhat the fungus that produces coconut bud rot, black 
rot of cacao, and the rots of various other plants.’’ While Reinking did 
not specifically identify the pathogen, his description and illustration of the 
avocado seedling blight in the Philippines make it appear to be identical 
with the disease herein described.— ^Robert A. Conover, University of 
Florida, Sub-Tropical Experiment Station, Homestead, Florida. 

Sample Size and Plot Size For Testing Resistance of Strawberry Varie¬ 
ties to Verticillium WilP. —During recent years the development of varie¬ 
ties having resistance to verticillium wilt has been an important objective 
of the strawberry breeding program of the University of California College 
of Agriculture. At the outset much time was devoted to a study of this 
disease in California^ and to the development of a “wilt nursery.” Paren¬ 
tal material was classified in a general way according to its resistance. In 

1945 a study of the results of previous years indicated considerable varia¬ 
tion among plants in the same plot. The system of classification used 
apparently had been satisfactory for types that were either very susceptible 
or very resistant. For *the intermediate types with greater variation, how¬ 
ever, a more accurate measure of resistance was necessary. Because it was 
thought that larger samples might give the desired information, this paper 
reports the accuracy of measurement with plots and samples of different 
sizes. 

Selections and varieties (of xFragaria ananassa Duch.) to be tested in 
the field were planted in soil infested with inoculum from different localities 
in the State. In addition each plant was inoculated with the causal organ¬ 
ism {Verticillium alboatrum R. and B.) at transplanting time. The roots 
of each plant were thus brought into close contact with fresh inoculum and 
inoculated soil. By this procedure 3885 plants were treated in 1945, 1975 
in 1946, and 5564 in 1947. Only results for the commercial varieties in 

1946 and 1947 are reported. 

Planting was delayed until late April each year to avoid, as much as 

2 Tucker, C. M. The distribution of the genus Phytophthora. Mo. Agr. Exp. Sta. 
Ees. Bul.184. 1933. 

3 Reinking, O. A. Citrus diseases in the Philippines, Southern China, Indo-China 
and Siam. Phil. Agr. 9: 121-179. 1921. 

^ The authors gratefully acknowledge the suggestions made by Professors G. A. 
Baker, L. D. Leach, and B. A. Rudolph, and the assistance rendered by Alfred Amstutz. 

2 Thomas, Harold E. Verticillium wilt of strawberries. Calif. Agr. Exp. Sta. Bui. 
530. 1932. 
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possible, infection with strawberry yellows/’ Experience indicates that 
plants set after mid-April are usually unaffected by ‘‘yellows” the first 
year and remain healthy longer than plants set early in the season.'* 

During late September of each year all plants were classified into two 
groups according to degree of resistance. Plants in group I had poor or 
only fair resistance and were not expected to live through the second season. 
Plants in group II had good to excellent resistance and were expected to 
survive and to produce fair to good crops the subsequent season. 

The varieties studied had a broad range of resistance. The ratio of 
group I to group II plants for each variety is as follows -. LasseiP 1946 = 
3.082:1, Shasta 1946 = 1.299:1, Sierra 1947 = 0.0204:1. This range of re¬ 
sistance is characteristic of commercial varieties which have been tested. 

Chi-square values were calculated for the Lassen and Shasta varieties 
for 1946. Total sample sizes of 75, 100, 125, 150, 175, and 200 were used. 

TABLE 1.— Heterogeneity of wilt reaction in Lassen and Shasta varieties of straw¬ 
berry as determined in 1946 with constant total sample sisc (150 plants) and with vari¬ 
able plot sise 


Niimbor random samples (out of 20) 


Number of plots 

Number plants 
per plot 

for which P- 

-5 per cent or less 

Lassen 

Shasta 

30 

5 

1.5 

5.0 

15 

10 

2.0 

8.0 

6 

25 

1.5 

2.5 

3 

50 

0.0 

0.0 


The effect of plot size was calculated, using 5, 10, 25, and 50 plants for each 
unit. Forty random samples were taken for each specific combination of 
plot size and sample size. 

The Sierra variety is so highly resistant that only 16 plants out of 800 
could be classified in group I. The expected number of plants in group I 
would therefore be too small for the sample sizes used for other varieties. 
The Sierra variety represents essentially a homogeneous population of re¬ 
sistant plants. The entire planting of each variety was considered to be 
the “true” or “parent” population from which samples were drawn. Chi- 
squares were measures of the divergence of the samj)le values from the cor¬ 
responding values of the population composed of all plants. The P values 
for the chi-squares were calculated. Only those random samples which 
had P values of 5 per cent or less are in tables 1 and 2. 

The sample sizes of 25 and 50 plants show the least amount of hetero¬ 
geneity for the varieties (Table 1). Apparently the total sample size of 
150 plants for plots of 50 is suflScient to reduce the heterogeneity to a sat- 

8 Thomas, Harold E. The production of strawberries in California. Calif. Agr. 
Ext. Serv. Cir. 113. 1939. 

4 - and Earl V. Goldsmith. The Shasta, Sierra, Lassen, Tahoe, and 

Bonner strawberries. Calif. Agr. Exp. Sta. Bui. 690. 1945. 
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isfactory level (1 out of 20). The sample size for plots of 25 should be 
studied to determine the number of plots required to increase the homo¬ 
geneity so that 95 per cent or more of the random samples will have a P 
value greater than 5 per cent. In table 2, the effect of smaller and larger 
total sample sizes on the plot size of 25 plants is shown. 

For Lassen 1946 and Shasta 1946 the total sample sizes of 75,100, and 125 
plants indicate a similar degree of heterogeneity, which is somewhat higher 
than that for larger samples. For both varieties the number of random 
samples indicating significant heterogeneity progressively decreases through 
the total sample sizes of 150, 175, and 200. In the latter, 19 out of 20 of 
the random samples for both varieties have P values above the 5 per cent 

TABLE 2. —Heterogeneity of wilt reaction in Lassen and Shasta varieties of straw¬ 
berry as determined in 1946 with variable total sample size and constant plot size {25 
plants) 


Number random samples (out of 20) for 
Number plots which P = 5 pbr cent or less 

each with 25 plants - —-- --- 




Lassen 

Shasta 

3 


2.5 

3.0 

4 


3.0 

2.5 

5 


3.5 

2.0 

6 


1.5 

2.5 

7 


1.5 

1.5 

8 


1.0 

1.0 


point. The homogeneity for 8 plots of 25 plants therefore falls within 
the commonly accepted statistical limits. 

The plot sizes of 25 or 50 plants indicated a high degree of homo¬ 
geneity for the variety-plot combinations. Apparently it is necessary to 
use a total sample of 150 plants for plots of 50, or a total sample of 200 
plants for plots of 25 in order to reduce the discrepancy between the ob¬ 
served and the expected sufficiently to indicate homogeneity (19 out of 20). 

By designing our field trials in the “wilt nursery’’ to include a mini¬ 
mum of 3 plots of 50 plants or 8 plots of 25 plants for all selections and 
varieties of strawberry it will be possible to determine relatively small dif¬ 
ferences in resistance among selections and varieties. Such determinations 
are necessary to evaluate the parental breeding material used for the de¬ 
velopment of wilt resistant varieties. They are also necessary for a study 
of the inheritance of wilt resistance. 

Only the variety Sierra has sufficient resistance to be used for profit¬ 
able commercial plantings in soil infested with verticillium wilt. Com¬ 
mercial plantings of the Lassen and Shasta varieties have not been profit¬ 
able in soil so infested. The results indicated in our “wilt nursery” have 
therefore been verified by commercial results.— Richard E. Baker and 
Victor Voth, Division of Pomology, California Agricultural Experiment 
Station, Davis, California. 
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Fia. 1. Effect of 2,4-D on growth of three fungL A, Pythium ilebaryanum top row, 
sodium salt, middle row, amine, bottom row, butyl ester; B, Gihherella zeae, top row, 
butyl ester, middle row, amine, bottom row, sodium salt; C, Helminthosporium victoruie'f 
arrangement same as for B. All cultures six days old. 
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Effect of 2,4-D in Culture Medium on the Growth of Three Pathogenic 
Fungi .—Increasing knowledge on the effect of the 2,4-D formulations on 
inbred lines of corn and the small grains stimulated interest in a preliminary 
study on the effect of 2,4-D on fungus growth in culture. This report de¬ 
scribes the result secured on the effect of 4 dilutions with 3 formulations of 
2,4-D on 3 common genera of pathogenic fungi. 

The sodium salt (Sodium Dichlorophenoxyacetate monohydrate), butyl 
ester (Butyl-Ester 2,4-Dichlorophenoxyacetate), and the amine (Triethanol¬ 
amine-2,4-Dichlorophenoxy acetate) were each prepared in dilutions of 250, 
500, 1000, and 2000 parts per million of the active acid. Ordinary potato- 
dextrose agar was liquefied by heating in an autoclave at 240° F., then cooled 
to 77° F. before the 2,4-D was added. The agar and 2,4-D formulations were 
thoroughly mixed and 20-ec. aliquots were poured into 15 different Petri- 
dishes for each formulation and dilution. When the agar solidified, 5 dishes 
of each formulation and dilution were inoculated with cultures of Gibberella 
zeae, 5 with Helminthosporium victoriae, and 5 with Pythium debaryanum. 
Three different tests were made, each with 5 replications. Controls con¬ 
taining no 2,4-D were run with each test. 

The results can best be seen in figure 1, A, B, and C. All dilutions of the 
sodium salt and the amine killed Pythium debaryanum, while the butyl 
ester retarded growth in proportion to the dilution of 2,4-D. Gibberella 
zeae and Ilelminthosporium victoriae were not killed by any of the dilutions 
employed in this experiment, but the growth of both was severely retarded 
in proportion to the dilution of 2,4-D.— ^Wayne M. Bever, Cereal Crops and 
Diseases, Bureau of Plant Industry, Soils and Agricultural Engineering, 
Agricultural Research Administration, U. S. Department of Agriculture, 
and F. W. Slife, Assistant, Department of Agronomy, University of Illinois, 
Urbana, Tllinoig* 



The American Phytopathological Society 

FOUNDED 1909. INCOBPOBATED 1915 

The A. P. S. Council for 1948 

President— R. S. Kiuby, Pennsylvania State College, State College, Pennsylvania. 
Vice-President— W. D, Valleau, Kentucky Agricultural Experiment Station, Lexing¬ 
ton 29, Kentucky. 

Secretary— Curtis May, Plant Industry Station, Boltsville, Maryland. 

Treasurer—M. C. Richards, University of New JLimpshire, Durham, New Hampshire. 
Editor-in-chief— Helen Hart, University Farm, St. Paul 1, Minnesota. 

Councilors: 

E. E. Clayton, Plant Industry Station, Beltsville, Maryland. 

S. G. Lehman, North Carolina State College, Raleigh, North Carolina. 

S. A/E. McCallan, Boyce Thompson Institute for Plant Research, 1086 North Broad¬ 
way, Yonkers 3, N. Y. 

James H. Jensen, North Carolina State (College, Raleigh, North Carolina. 

Max W. Gardner, University of California, Berkeley, (’alifornia. 

8 . J. P. Chilton, Louisiana State University, University, Louisiana. 

A. J. Riker, University of Wisconsin, Madison 6, Wisconsin. 

Sustaining Associates: 

B. P. Goodrich Chemical (-ompany, Rose Building, Claveland 15, Ohio. 

Mallinckrodt Chemk^al Works, Second and Mallinckrodt Stree^t, St. Louis 7, Missouri. 
Sindar Corporation, 330 We.^t 42iid Street, New York 18, N. Y. 

Rohm and Haas, Washington Square, Philadelphia 5, Pennsylva iia. 

E. I. Du Pont de Nemours & (/OMPany, W^ilnuugton 98, Delaware. 

Freeport Sulphur (Company, New Orleans .5, Louisiana. 

Tennessee Corporation, 619-27 Grant Building, Atlanta 1, Georgia. 

PiLLSBURY Mills, Inc., Metropolitan Building, Minneapolis, Minnesota. 

TriarcII Botanical Products, Ripen, Wisconsin. 

Yoder Brothers, Inc., Barberton, Ohio. 

Butler County Mushroom Farm, Inc., West Winfield, Pennsylvania. 

Associated Seed Growers, Inc., New Haven 2, (Connecticut. 

Ferry-Morse Seed Co,, Detroit, Michigan. 

The Dow Chemical Company, Midland, Michigan. 

Lederle Laboratories Division, American Cyanamid Company, Pearl River, N. Y. 
Nortiirup, King & Company, Minneapolis 13, Minnesota. 


LIST OF MEMBERS 


Aamodt, Olaf S., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Abbasl, Ferroze H,, Central Sugarcane 
Research Station, Pusa, Bihar, India. 

^Abbott, E. V., Houma, Louisiana, 

Abdel-Hak, Tewfik, Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Abo, Susie, 604 Oak Street, Pullman, 
Washington. 

^Sustaining Life Members. 

** Patrons. 


^Adams, J. F., 2900 Harrison Street, 
Wilmington 270, Delaware. 

Adsuar, Josd, Agricultural Experiment 
Station, Rio Pedras, Porto Rico. 

Afanasiev, Mitrofan, Department of 
Botany and Bacteriology, Montana 
Agricultural Experiment Station, 
Bozeman, Montana. 

Albert, W. B., Botany and Plant Physi¬ 
ology Department, (Ulemson College, 
Clerason, South Carolina. 

Alden, John, Woolfork Chemistry Com¬ 
pany, Fort Valley, Georgia. 


r.i] 



Alexander, L. J., Ohio Agricultural Ex¬ 
periment Station, Wooster, Ohio. 

Alexoponlos, Constantine J., Depart¬ 
ment of Botany and Plant Pathology, 
Michigan State College, East Lansing, 
Michigan. 

All, Mir Hamed, Division of Entomol¬ 
ogy, University Farm, St. Paul 1, 
Minnesota. 

AU, Mohamed A., Department of Ge¬ 
netics, University of Wisconsin, Mad¬ 
ison 6, Wisconsin. 

Allen, M. W., 112 Agriculture Hall, 
University of California, Berkeley 4, 
California. 

Allen, 0. N., Agriculture Hall 22, Uni¬ 
versity of Wisconsin, Madison 6, 
Wisconsin. 

Alley, WUliam L., 108 Waters Hall, 
University of Missouri, Columbia, 
Missouri. 

AUlngton, WilUam B., Department of 
Plant Pathology, College of Agricul¬ 
ture, Lincoln, Nebraska. 

AUisoi^ O. O., Botany Department, 
Ohio State University, Columbus 10, 
Ohio. 

Allison, J. L., Division of Forage Crops 
and Diseases, Plant Industry Station, 
Beltsville, Maryland. 

Ames, Ralph W., 807 West Nevada, 
Urbana, Illinois. 

Andersen, Axel L., Camp Detrick, 
Frederick, Maryland. 

Anderson, A. Leroy, Central Wisconsin 
Canneries, Inc., Beaver Dam, Wis¬ 
consin. 

Anderson, C. George, 151 First Street, 
Proctor, Minnesota. 

Anderson, Earl J., Pineapple Research 
Institute, Box 3166, Honolulu, 
Hawaii. 

*Ander8on, H. JV., Department of Horti¬ 
culture, University of Illinois, Ur¬ 
bana, Illinois. 

Anderson, Melvin E., Rogers Bros. 
Seed Company, Idaho Falls, Idaho. 

^Anderson, P. J., Connecticut Tobacco 
Experiment Station, Windsor, Con¬ 
necticut. 

Andes, J. O., Agricultural Experiment 
Station, Knoxville, Tennessee. 

Andrews, Edward A., Department of 
Botany and Plant Pathology, Michi¬ 
gan State College, East Lansing, 
Michigan. 

Andrews, Stuart R., Division of Plant 
Pathology, University Farm, St. 
Paul 1, Minnesota. 

Andrus, O. F., U. S. Department of 
Agriculture, P. 0. Box 844, Charles¬ 
ton, South Carolina. 

Anwar, A. A. K., Division of Plant 
Pathology, University Farm, St. 
Paul 1, Minnesota. 


Asuyama, Hldefumi, Plant Pathology 
Laboratory, Tokyo Imperial Univer¬ 
sity, Bunkyo-Ku, Tokyo, Japan. 

Ark, P. A., Plant Pathology Division, 
University of California, Berkeley 
4, California. 

^Armstrong, G. M., Clemson Agricul¬ 
tural College, Clemson, South Caro¬ 
lina. 

Armstrong, W. D., West Kentucky Ex¬ 
periment Station, Princeton,' Ken¬ 
tucky. 

Arndt, 0. H., Agricultural Experiment 
Station, Clemson College, Clemson, 
South Carolina. 

Amy, Deane 0., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Arruda, Spencer Correa, Instituto Bio- 
Idgico, Fazenda Mata Dentro, Cam¬ 
pinas, Est. Sao Paulo, Brazil. 

Apostolides, Constantine A., 345 Pel¬ 
ham Road, North Philadelphia, Penn¬ 
sylvania. 

Athow, Kirk L., A. E. S. Building, 
Purdue University, Lafayette, Indi¬ 
ana. 

Atkins, John G., Jr., Department of 
Botany, Bacteriology, and Plant 
Pathology, Louisiana State Univer¬ 
sity, Baton Rouge, Louisiana. 

Aticins, Joto S., Department of Plant 
Pathology, Cornell University, Ithaca, 
New York. 

Atwood, Harry, Lock Box 746, Colum¬ 
bus 16, Ohio. 

Auchter, Eugene C., Pineapple Re¬ 
search Institute of Hawaii, P. 0. 
Box 3166, Honolulu 2, Hawaii. 

Aycock, Robert, Box 5397, North Caro¬ 
lina State College, Raleigh, North 

- Carolina. 

Ayson, Amado A., Botany Department, 
Louisiana State University, Baton 
Rouge, Louisiana. 

Baber, Esmond George, Broadwater, 
Richmond River, N. S. W., Australia. 

Backus, Myron P., Department of 
Botany, University of Wisconsin, 
Madison 6, Wisconsin. 

Bailey, D. L., Department of Botany, 
University of Toronto, Toronto, 
Canada. 

Bailey, F. D., 8-27th Street, Corvallis, 
Oregon. 

Bain, Douglas C., Truck Crops Experi¬ 
ment Station, Crystal Springs, Mis¬ 
sissippi. 

Bain, Henry F., Box 362, Wisconsin 
Rapids, Wisconsin. 

Baines, Richard 0., Citrus Experiment 
Station, Riverside, California. 

Baker, A. C., Apartado 3, Coldnia Ana- 
huac, Mexico, D.P., Mexico. 


[ 2 ] 



GEOGRAPHICAL DISTRIBUTION OP MEMBERS OP 
THE AMERICAN PHYTOPATHOLOGICAL SOCIETY 

1948 



Individual members 

in United 

States. 

Washington and Reltsville in 

eirc’le. 


WORLD 

WIDE MEMBERSHIP 


United States . 


1148 

England . 

8 

Canada . 


47 

Egypt . 

. 1 

Nova Scotia . 

. 2 


Finland . 

1 

Quebec . 

. 7 


Creece . 

1 

Ontario . 

. 17 


Guatemala. 

1 

Manitoba . 

. 11 


Haiti . 

. 1 

Saskatchewan . 

. 8 


Hawaii . 

. 16 

Alberta . 

. 5 


Holland . 

4 

British Columbia .. 

. 2 


India . 

7 

Argentina . 


11 

Italy . 

2 

Australia.!. 


4 

Lebanon . 

1 

Belgium . 


1 

Mexico . 

. 17 

Brazil . 


13 

Norway . 

2 

Bulgaria . 


1 

Palestine . 

2 

Burma . 


1 

Peru . 

8 

Canal Zone. 


1 

Philippines . 

1 

Chile . 


2 

Puerto Rico . 

4 

China . 


12 

Scotland . 

2 

Colombia . 


2 

South Africa . 

2 

Costa Rica . 


2 

Spain .. 

1 

Cuba ... 


3 

Switzerland . 

1 

Ozop.h oi^l o vaki a 


1 

Turkey. 

4 

Denmark ... 


1 

Venezuela . 

4 

Dutch Dpiana . .. 


1 

Wales. 

1 




TOTAL . 

. 1338 


Tlio distribution of members was prepared by S. A. E. McCallan. 

























































Baker, Edwin K., Botany Department, 
Iowa State College, Ames, Iowa. 

Baker, Kennetk F., California Agri¬ 
cultural Experiment Station, 405 
Hilgard Avenue, Los Angeles 24, 
California. 

Baker, Bichard E., Division of Pom- 
ology. University of California, 
Davis, California. 

Bald, J. a., 107 Hilgard Hall, Univer¬ 
sity of California, Berkeley 4, 
California. 

Baldwin, I. L., College of Agriculture, 
University of Wisconsin, Madison 6, 
Wisconsin. 

^Ballard, W. S., 137 Cornell Street, 
Fresno 4, California. 

Bamberg, B. H., Department of Agron¬ 
omy, Montana State College, Boze¬ 
man, Montana. 

Banileid, W. M., Department of Bot¬ 
any, Massacliusetts State College, 
Amiierst, Massachusetts. 

Bardin, Boy, 71 Blanco Road, Salinas, 
California. 

Barker, H. D., Plant Industry Station, 
Beltsville, Maryland. 

Barnes, W. 0., Box 337, Charleston, 
South Carolina. 

Barnett, H. L., Department of Plant 
Pathology, West Virginia University, 
Morgantown, West Virginia. 

Barratt, Baymond W., Department of 
Biology, Stanford University, Stan¬ 
ford, California. 

^Barre, H. W., Bureau of Plant Indus¬ 
try, U. 8. Department of Agriculture, 
Washington 25, D. C. 

^Barrett, James T., Division of Plant 
Pathology, University of California, 
Berkeley 4, California. 

^Barrus, M. F., Department of Plant 
Pathology, Cornell University, Ithaca, 
New York. 

*Barss, H. P., Office of Experiment Sta¬ 
tions, U. 8. Department of Agricul¬ 
ture, Washington 25, D. C. 

Bart, George J., Botany and Zoology 
Building, Ohio State University, 
Columbus 10, Ohio. 

Baskin, A. David, Division of Plant 
Pathology, University Farm, St. 
Paul 1, Minnesota. 

Batista, A. Chaves, Instituto de Pcs- 
quisas Agronomicas Dois Irmaos, 
Recife, Pernambuco, Brazil. 

Bauer, Allen H., Botany Department, 
Pennsylvania State College, State 
College, Pennsylvania. 

Baur, Karl, Western Washington Ex¬ 
periment Station, Puyallup, Wash¬ 
ington. 

Baxter, Dow Vawter, School of For¬ 
estry and Conservation, University 
of Michigan, Ann Arbor, Michigan. 


*Beach, W. S., Botany Department, 
Pennsylvania State College, State 
College, Pennsylvania. 

Beale, Helen Purdy, Boyce Thompson 
Institute, Yonkers 3, New York. 

^Beattie, B. Kent, Piney Branch Farm, 
North Glen Road, Route 1, Rockville, 
Maryland. 

Beckman, Carl H., Plant Pathology 
Department, University of Wisconsin, 
Madison 6, Wisconsin. 

Beecher, F. S., Division of Fruit and 
Vegetable Crops and Diseases, 
Plant Industry Station, Beltsville, 
Maryland. 

Bell, Frank H., Department of Botany, 
Ohio State University, Columbus 10, 
Ohio. 

Bell, Milton B., Cowell, California. 

Bennett, Carlyle W., U. 8, Department 
of Agriculture, Sugar Plant Labora¬ 
tory, Riverside, California. 

Bergman, Herbert F., East Warchani, 
Massachusetts. 

Berk, Sigmund, 3403 Frankford Ave¬ 
nue, Philadelphia 34, Pennsylvania. 

Berkeley, G. H., Officer in Charge, 
Dominion Laboratory of Plant Pa¬ 
thology, Box 87, St. Catherines, 
Ontario, Canada. 

Bessey, E. A., Botany Department, 
Michigan State College, East Lan¬ 
sing, Michigan. 

Bever, Wayne M., Department of 
Agronomy, Illinois Agricultural Ex¬ 
periment Station, Ur ban a, Illinois. 

Bhide, Vishnu P., College of Agricul¬ 
ture, Poona 5, India. 

Bickerton, Jack M., c/o Walker Ferti¬ 
lizer Co., Orlando, Florida. 

Bingham, Bichard T., 618 Realty 
Building, Spokane 8, Washington. 

*Blsby, G. B., Imperial Mycological In¬ 
stitute, Ferry Lane, Kew, Surrey, 
England. 

Bitancourt, A., Caixa Postal 119-A, 
Sao Paulo, Estado de Sao Paulo, 
Brazil. 

*Black, Lindsay M., Brooklyn Botanic 
Garden, 1000 Washington Avenue, 
Brooklyn 25, New York. 

^Blair, B. J., Springdale Farm, Orms- 
town, Que., Canada. 

Blank, Lester M., Division of Plant 
Pathology, Texas Agricultural Ex¬ 
periment Station, College Station, 
Texas. 

Blasberg, Charles H., University of 
Vermont, Burlington, Vermont. 

Bliss, Doxiald E., Citrus Experiment 
Station, Riverside, California. 

Blodgett, Earle C., Prosser Branch Sta¬ 
tion, Prosser, Washington. 


[ 4 ] 



^Blodgett, P, M., Department of Plant 
Pathology, Cornell University, Ithaca, 
New York. 

Bock, J. P., Federal Building, Oregon 
City, Oregon. 

Bockstahler, H. W., Box 226, East 
Lansing, Michigan. 

Bodlne, E. W., 100 Bush Street, c/o 
H O Technical Products, San Fran¬ 
cisco 6, California. 

Boeshore, Irwin P., 708 Shadeland 
Avenue, Drexel Hill, Pennsylvania. 

Boewe, Q-. H., 337 Natural Resources 
Building, ITrbana, Illinois. 

Bohn, Weston, Box 150, T^a Jolla, Cali¬ 
fornia. 

Bollenbacher, Katharina, 2150 Penn¬ 
sylvania Avenue, N. W., Washington 
7, D. C. 

Bonar, Lee, Department of Botany, 
University of California, Berkeley 
4, California. 

Bonde, Beiner, Orono, Maine. 

Boone, Donald M., Plant Pathology 
Department, University of Wiscon¬ 
sin, Madison 6, Wisconsin. 

Boosalis, Michael Q-., Division of 
Plant Pathology, University Farm, 
St. Paul 1, Minne ota. 

Boothroyd, Carl W., De])artmcnt of 
Plant Pathology, Cornell University, 
Ithaca, New York. 

Borders, Huey I., c/o U. S. Department 
of Agriculture Laboratory, Georgia 
Coastal Plain Experiment Station, 
Tifton, Georgia. 

Borlaug, Norman E., Rockefeller Foun¬ 
dation, Calle Viena 26, Mexico, D.F.,' 
Mexico. 

^Bourne, B. A., Box 6368, Clewiston, 
Florida. 

Bowman, Donald H., Division of Plant 
Pathology and Physiology, Texas 
Agricultural Experiment Station, 
College Station, Texas. 

Boyce, John S., Osborn Botanical Lab¬ 
oratory, Yale University, New Haven, 
Connecticut. 

*Boyd, O.- 0., Clark Hall, Massachusetts 
State College, Amherst, Massachu¬ 
setts. 

Boyle, Alice McL., Department of 
Plant Pathology, University of Ari¬ 
zona, Tucson, Arizona. 

Boyle, John S., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

*Boyle, Lsrtton W., Department of Bot¬ 
any, Georgia Agricultural Experi¬ 
ment Station, Experiment, Georgia. 

Bozoglu, Mrs. Saadet, Merkez Zirest 
Mucadela Enstitusu, Ankara, Turkey. 

Bragonier, W. H., Department of Bot¬ 
any and Plant Pathology, Iowa State 
College, Ames, Iowa. 


Brandes, Gordon A., c/o Rohm and 
Haas Company, West Washington 
Square, Philadelphia 5, Pennsylvania. 

Brandwein, Paul P., 68-38 Yellow¬ 
stone Boulevard, Forest Hills, New 
York. 

^Brann, J. W., Baileys Harbor, Wis¬ 
consin. 

*Bratley, Cyril O., Room 1022, 641 
Washington Street, New York 14, 
New York. 

Braun, Alvin J., New York State Agri¬ 
cultural Experiment Station, Drawer 
353, Geneva, New York. 

Brauxi, Armin 0., Ridgeview Road, 
Princeton, New Jersey. 

Bremer, Hans, Kecioren Coraklik Bag- 
lari No. 20, Ankara, Turkey. 

Brentzel, W. E., State College Station, 
Fargo, North Dakota. 

Bretz, T. W., Botany Department, Uni¬ 
versity of Missouri, Columbia, Mis¬ 
souri. 

Brian, Charles E., c/o California Spray 
Chemical Corp., 150 Bay way, Eliza¬ 
beth, New Jersey. 

Bridgmon, George H., Wyoming Agri¬ 
cultural Experiment Station, Powell, 
Wyoming. 

Brierley, PhiUp, Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Briggs, Pred N., Division of Agronomy, 
University Farm, Davis, California. 

Brinkerhoff, Lloyd A., U. S. Cotton 
Field Station, Shafter, California. 

Brisley, Harold R., P. 0. Box 432, 
Douglas, Arizona. 

Bridgers, Thomas P., 909 Anderson 
Street, Wilson, North Carolina. 

Broadfoot, W. 0., Division of Botany 
and Plant Pathology, Central Ex¬ 
perimental Farm, Ottawa, Ontario, 
Canada. 

""Brooks, A. N., P. O. Box 522, Lake¬ 
land, Florida. 

""Brooks, Charles, Brogdex Company, 
X441 West Second Street, Pomona, 
California. 

Brown, Clarke G., Box 941, Caldwell, 
Idaho. 

""Brown, J. G., Box 4672, University of 
4rizona, Tucson, Arizona. 

""Brown, NelUe A., 920 Lee Street, 
Thompson, Georgia. 

Brown, Mrs. Pembroke H., 1104 West 
Daniel Street, Champaign, Illinois. 

Bruehl, George W., Department of 
Plant Pathology, South Dakota State 
College, Brookings, South Dakota. 

Bruer, Howard L., 616 Mulberry 
Street, Macon, Georgia. 

Bucha, Harry C., Shipley Hoad, R. D. 
3, Wilmington, Delaware. 


[ 5 ] 



Walter F., Department of 
Botany, Iowa State College, Ames, 
Iowa. 

Bulger, Baymond O., Ill Federal Of¬ 
fice Building, Minneapolis 1, Min¬ 
nesota. 

Burke, Leo James, c/o Bureau of En¬ 
tomology and Plant Quarantine, 844 
Federal Building, 641 Washington 
Street, New York, New York. 

Burke, O. D., Botany Department, 
Pennsylvania State College, State 
College, Pennsylvania. 

^Burkholder, W. H., Department of 
Plant Pathology, Cornell University, 
Ithaca, New York. 

^Burrell, Arthur B., Department of 
Plant Pathology, Cornell University, 
Ithaca, New York. 

Butler, Edward £., Botany Depart¬ 
ment, Michigan State College, East 
Lansing, Michigan. 

Butler, Karl D., G. L. F. School of Co¬ 
operative Administration, Ithaca, 
New York. 

*Byar8, Luther P., Marion, South Caro¬ 
lina. 

Oalavan, £. Clair, Citrus Experiment 
Station, Riverside, California. 

Calderdn, Jos^ Guevara, Oficina do 
Estudios Especiales, Direccidn Gen¬ 
eral de Agrieultura, San Jacinto, 
Mexico, D. F., Mexico. 

Caldis, P. D., 101 California Street, 
San Francisco 19, California. 

Caldwell, Ralph M., Botany Depart¬ 
ment, Purdue University, Lafayette, 
Indiana. 

Calvert, O. H., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Camp, W. B., Jr., Route 1, Box 500, 
Bakersfield, California. 

Campbell, Colin E., R. T. Vanderbilt 
Company, East Norwalk, Connecti¬ 
cut. ^ 

Campbell, Leo, Western Washington 
Experiment Station, Puyallup, Wash¬ 
ington. 

Campbell, Thomas H., Botany and Zo¬ 
ology Building, Ohio State Univer¬ 
sity, Columbus 10, Ohio. 

Campbell, W. A., School of Forestry, 
University of Georgia, Athens, 
Georgia. 

Canero, Benjamin 0., Oficina de Estu¬ 
dios Especiales, San Jacinto, D. F., 
Mexico. 

Cannon, Orson 8 ., H. J. Heinz Co., 
Bowling Green, Ohio. 

Cano, Judn M., Botany Department, 
Louisiana State University, Baton 
Rouge 3, Louisiana. 


Carlton, William M., Department of 
Botany, University of Georgia, 
Athens, Georgia. 

Caron, Omer, Department of Agricul¬ 
ture, Quebec, Canada. 

Caroselli, Nestor E., Bartlett Tree Re¬ 
search Laboratory, Stamford, Con¬ 
necticut. 

Carpenter, John B., Estacion Experi¬ 
mental Agricola de Tingo Maria, 
c/o American Embassy, Lima, Peru. 

Carpenter, T. E*, Agricultural Experi¬ 
ment Station Building, Purdue Uni¬ 
versity, Lafayette, Indiana. 

Carrera, J. M. Cesar, Morelo 11, 
Buenos Aires, Argentina. 

Carsner, Eubanks, Box 31, Riverside, 
California. 

Carter, Edward P., Georgia Agricul¬ 
tural Experiment Station, Experi¬ 
ment, Georgia. 

Carter, J. C., 337 Natural Resources 
Building, Urbana, Illinois. 

Carter, Walter, P. P. C. A. Experiment 
Station, University of Hawaii, Hono¬ 
lulu, Hawaii. 

Carvajal, Fernando, Schenley Research 
Institute, Lawrenceburg, Indiana. 

Cash, Edith K., Plant Industry Station, 
Beltsvillc, Maryland. 

Cash, LilUan C., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Cassell, R. C., Department of Agricul¬ 
ture, Arkansas State College, Jones¬ 
boro, Arkansas. 

Castro, Javier Dieguez, Botany De¬ 
partment, Louisiana State Univer¬ 
sity, Baton Rouge, Louisiana. 

Castronovo, Ada M., Yerbal 2621, 
Buenos Aires, Argentina. 

Cation, Donald, Botany Department, 
Michigan State College, East Lan¬ 
sing, Michigan. 

Cavanagh, A. E., 319 East Lullwood 
St., San Antonio, Texas. 

Cen6z, Hugo P., Estacion Experi¬ 
mental, Central Castelav, F. C. O., 
Argentina. 

Chamberlain, Donald W., IT. S. Re¬ 
gional Soybean Laboratory, 205 Old 
Agricultural Building, Urbana, Il¬ 
linois. 

Chambers, Ernest L., Room 424 N.E., 
State Capitol, Madison 6, Wisconsin. 

Chandler, Webster A., Botany Build¬ 
ing, State College, Pennsylvania. 

Chao, 8. John, Box 121, Clear Lake, 
Iowa. 

Chapma^ Clarence M., 618 Realty 
Building, Spokane, Washington. 

Chapman, Richard A., Department of 
Plant Pathologjr, Connecticut Agri¬ 
cultural Experiment Station, New 
Haven, Connecticut. 


[«i 






tfent way Wftii thoroughbreds — and it’s that way with Attaclay, 
r carrier and diluent, in dust formulas. It’s why so many pesticide workers 
—from basic research people to final dusters—specify Attaclay. They find 
it adds qucdilj^^ the products it helps to form. 

Let’s look at ^(i(cts! The ’47 season saw Attaclay formulated with one out 
of every two pounds of DDT produced, according to best estimates avail¬ 
able. Attaclay led by a wide margin for making DDT concentrates, and 
that’s only part of it! Attaclay was successfully used with a broad range 
of control chemicals including: benzene hexachloride, Cio He Clg* chlori¬ 
nated camphene (Toxaphene), rotenone, sulfur, basic copper sulfate, 
organic mercurials, carbamates, nicotine sulfate, 2-4D compounds, alpha 
naphthyl thiourea, and naphthenate type plant hormones. 


To all these dusts or wettable powders Attaclay imparted its higher qual¬ 
ities of flowability, adsorptivity, compatibility, wettability, suspendability 
and dustability—helped to make every step along the way to final kill easy 
and efficient. 
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Fitopatologia, Apartado 669, Mara- 
cay, Venezuela. 

Ciferri, Baffaele, Casella Postale 165, 
Pavia, Italy. 

Clapper, Bussell B., Division of Forest . 
Pathology, Plant Industry Station, 
Beltsville, Maryland. 

* Clara, Feliciano M., c/o Bureau of 
Plant Industry, 692 San Andres 
Street, Malate, Manila, Philippine 
Islands. 
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Clark, Everett B., Eastern Breeding 
Station, Clarktown, Milford, Connec¬ 
ticut. 

Clayton, Carlyle N., Botany Depart¬ 
ment, North Carolina State College, 
Raleigh, North Carolina. 

Clayton, E. E., Plant Industry Station, 
Beltsville, Maryland. 

Clulo, Genevieve B., West Virginia 
University, Morgantown, West Vir¬ 
ginia. 

Clum, H. H., 40 Smith Street, Chap- 
paqua, WcLtchester County, New 
York. 

Cochran, George W., Utah State Agri¬ 
cultural College, Logan, Utah. 
Cochran, Lloyd C., Citrus Experiment 
Station, Riverside, California. 
Cochrane, Vincent W., Department of 
Biology, Wesleyan University, Mid¬ 
dletown, Connecticut. 

Coe, Donald M., California Department 
of Agriculture, State Office Building 
1, Sacramento, California. 

Coelho, Mario, Escola 8. Agricultura, 
Recife, Pernambuco, Brazil. 

Cohen, Mortimer, Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Cohen, 8. I., Gallowhur Chemical Cor¬ 
poration, 801 Second Avenue, New 
York 17, New York. 

Cohill, Boger W., Miller Chemical & 
Fertilizer (.^orp., 1000 S. Caroline 
Street, Baltimore, Maryland. 

Cole, J. B., Box 60, Albany, Georgia. 

Coleman, Madeline F., 3003 Dancy St., 
Austin, Texas. 

CoUey, Beginald H., 8 Winthrop Place, 
Maplewood, New Jersey. 

Compton, L. E., Agricultural Experi¬ 
ment Station, Purdue University, 
Lafayette, Indiana. 

Conant, George H., Ripon, Wisconsin. 
Conners, I. L., Central Experimental 
Farm, Ottawa, (Canada. 

Conover, Robert A., Sub-Tropical Ex- 
periment Station, Route 2, Box 508, 
Homestead, Florida. 

Cook, Harold T., Virginia Truck Ex¬ 
periment Station, Norfolk, Virginia. 

*Cook, Mel T., 255 Barnard Road, 
Larchmont, New York. 

Cook, W. B. L, University College of 
South Wales, Newport Road, Car¬ 
diff, Wales. 

Cooley, J. 8., Division of Fruit and 
Vegetable Crops and Diseases, Plant 
Industry Station, Beltsville, Mary¬ 
land. 



Coombs, E. C., Henniker, New Hamp¬ 
shire. 

^Coons, O. H., Plant Industry Station, 
Beltsville, Maryland. 

Cooper, William E., Upj)er Coastal 
Plain Station, Rocky Mount, North 
(^irolina. 

Cormack, M. W., Dominion Labora¬ 
tory of Plant Pathology, University 
of Alberta, Edmonton, Alberta, 
Canada. 

Corp, Helen Virginia, Plant Pathology 
Department, University of Maryland, 
College> Park, Maryland. 

^Cotter, Ralph U., Division of Plant 
Pathology, University Parm, St. Paul 
1, Minnesota, 

Courtney, W. D., U. S. Department 
of Agriculture, Nematology, West¬ 
ern Washington Experiment Station, 
Puyallup, V/aahington. 

Cowan, E. Karl, Box 190, Interlaken, 
New York. 

Cowart, Linton E., Botany Department, 
Louisiana State University, Baton 
Rouge, Louisiana. 

Cox, Carroll E., Department of Botany, 
University of Maryland, College 
Park, Maryland. 

Cox, John A., Forestry Building, Loui¬ 
siana State University, Baton Rouge, 
Louisiana. 

Cox, Robert S., Box 5397, State College 
Station, Raleigh, North Carolina. 

Craig, F, Waldo, State Department of 
Agriculture, Charleston, West Vir¬ 
ginia. 

Craigie, J. H., Division of Botany, 
Central Experimental Farm, Ottawa, 
Canada. 

Crall, James M., Botany Department, 
University of Missouri, Columbia, 
Missouri. 

Cralley, E. M., Department of Plant 
Pathology, University of Arkansas, 
Fayetteville, Arkansas. 

Crandall, Bowen S., 927 W. Main St., 
Tupele, Mississippi. 

Creager, D. B., R.F.D. 2, St. Anne, Il¬ 
linois. 

Crittenden, Henry W., Botany Depart¬ 
ment, Ohio State Univer^dty, Colum¬ 
bus 10, Ohio. 

Crocker, William, Boyce Thompson In¬ 
stitute for Plant Research, Yonkers 
3, New York. 

Crosier, Willard F., Division of Seed 
Investigations, New York State Agri¬ 
cultural Experiment Station, Geneva, 
New York. 

Crumb, S. E., Jr., Entomology Depart¬ 
ment, Oregon State College, Corval¬ 
lis, Oregon. 


Cummins, George B., Botany Depart¬ 
ment, Purdue University, Lafayette, 
Indiana. 

Cunniff, Hilda S., 404 South St., Key 
West, Florida. 

Cunningham, H. S., Long Island Vege¬ 
table Research Farm, Now York 
State Experiment Station, Riverhead, 
New York. 

Daines, Robert H., Department of 
Plant Pathology, New Jersey Agri¬ 
cultural Experiment Station, New 
Brunswick, New Jersey. 

Dallimore, C. E., Branch Agricultural 
Experiment Station, Aberdeen, 
Idaho. 

Daly, Joseph M., Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Dana, Bliss F., Department of Botany, 
Oregon State College, Corvallis, Ore¬ 
gon. 

Dantas, Bento, Institute Agronomico 
do Noter, Belem, Parh, Brazil. 

Darker, Grant D.,‘Ben Venue Labora¬ 
tories, Inc., Bedford, Ohio. 

Darley, Ellis, F., Department of Botany 
and Plant Pathology, Colorado A. & 
M. College, Ft. Collins, Colorado. 

Darling, H. M., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Das Gupa, S. K., Department of Bot¬ 
any, University of Lucknow, Luck¬ 
now, U. P., India. 

Davidson, R. S., Department of Bot¬ 
any and Plant Pathology, Ohio Agri- 
cuitural Exp(‘riment Station, Woo¬ 
ster, Ohio. 

Davidson, Ross W., Plant Industry 
Station, Beltsville, Maryland. 

Davidson, T. R., Dominion Laboratory 
of Plant Pathology, University of 
Alberta, Edmonton, Alberta, Canada. 

Davies, Fred R., c/o Rohm & Haas Co., 
Bristol, Pennsylvania. 

Davis, B. H., Department of Plant 
Pathology, Agricultural Experiment 
Station, New Brunswick, New Jersey. 

Davis, David, 909 S. First Street, 
Champaign, Illinois. 

Davis, Glen N., Division of Truck 
Crops, California Agricultural Ex¬ 
periment Station, Davis, California. 

Davis, Spencer H., Jr., College Farm, 
Rutgers University, New Brunswick, 
New Jersey. 

Davis, V. H., c/o Promotion Depart¬ 
ment, Farm Bureau Cooperative As¬ 
sociation, 246 North High Street, 
Columbus, Ohio. 

Davis, William 0., c/o R. H. Wyche, 
Texas Agricultural Experiment Sta- 
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tion, Sub-Station No. 4, Beaumont, 
Texas. 

Davy, Roger H., Box 181, Cadiz, Ken¬ 
tucky. 

Dean, Horace S., 211 George Mason 
Road, Falls Church, Virginia. 

Dean, Leslie L., Purdue Agricultural 
Experiment Station, Lafayette, Indi¬ 
ana. 

deBruyn, Helena L. G., Hinkeloordsche 
Weg 5, Wageningen, Holland. 

Decker, Phares, Department of Plant 
Pathology. Florida Agricultural Ex¬ 
periment Station, Gainesville, Flor¬ 
ida. 

Delwlche, Edmund D., 1140 Clark Way, 

San Jose 10, California. 

Demaree, J. B., Plant Industry Station, 
Beltsville, Maryland. 

Demlriz, Alimet Husna, Ciftehavuzlar 
72, Erenkoy, Istanbul, Turkey. 

Denny, P. E., Box 20, Bristol, Vermont. 

de Ong, E. R., 926 Stannage Avenue, 
Albany 6, California. 

de Ropp, R. S., New York Botanical 
Gardens, Bronx Park (Fordham P. 

O.), New York 58, New York. 

Desjardins, Paul R., 107 Hilgard Hall, 
University of California, Berkeley 4, 
California. 

Deslandes, Josud, Tnstituto Agron- 
omico do Sul, Pelotas, Rio Grande do 
Sul, Brazil. 

Desroslers, Russell, Box 13, Staiford, 
Connecticut. 

Dessureaux, Lionel, Experimental Sta¬ 
tion, Ste-Anne de la Pocatiere, Que¬ 
bec, Canada. 

Dezeeuw, Donald J., Botany Depart¬ 
ment, Michigan State College, Bast 
Lansing, Michigan. 

Diachun, Stephen, Agricultural Experi¬ 
ment Station, Lexington 29, Ken¬ 
tucky. 

Dickinson, Sydney, School of Agricul¬ 
ture, Cambridge, England. 

^Dickson, B. T., Chief, Division of Plant 
Industry, C. S. I. R. Box 109, Can¬ 
berra, F. C. T., Australia. 

Dickson, James G., Department of 
Plant Pathology, University of Wis¬ 
consin, Madison 6, Wisconsin. 

Dickson, Warrick J., Botany Depart¬ 
ment, Louisiana State University, 
Baton Rouge 3, Louisiana. 

Diehl, Wmiam W., 1512 N. McKinley 
Road, Arlington, Virginia. 

Dietz, & M., Botany Department, Ore¬ 
gon State College, Corvallis, Oregon. 

DUler, Jesse D., 40 N. Highland Street, 
Arlington, Virginia. 

Dimitman, Jerome E., 6727 Cedar 
Street, Huntington Park, California. 
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Dimock, A. W., Department of Plant 
Pathology, Cornell University, Ith¬ 
aca, New York. 

Dimond, Albert E., Connecticut Agri¬ 
cultural Experiment Station, P.O. 
Drawer 1106, New Haven 4, Connecti¬ 
cut. 

Dippenaar, B. J., Agricultural Research 
Institute, c/o Universitcit Van Pre¬ 
toria, Pretoria, Union of South 
Africa. 

^Dobbins, Rairmond A., Department of 
Biology, Ohio Northern University, 
Ada, Ohio. 

Dodge, B. 0., New York Botanical 
Garden, New York 58, New York. 

^Dodge, Carroll W., Missouri Botanical 
Garden, 2315 Tower Grove Avenue, 
St. Louis, Missouri. 

Dolan, Desmond, Department of Horti¬ 
culture, Rhode Island State College, 
Kingston, Rhode Island. 

Doolittle, S. P., Plant Industry Station, 
Beltsville, Maryland. 

Doran, William 148 Lincoln Avenue, 
Amherst, Massachusetts. 

Dosdall, Lonlse T., Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Downie, Andrew R., Beet Seed Opera¬ 
tions, American Crystal Sugar Co., 
Rocky Ford, Colorado. 

Drayton, F. L., Division of Botany, 
Central Experimental Farm, Ottawa, 
Canada. 

Drechsler, Charles, Division of Fruit 
and Vegetable Crops and Diseases, 
Plant Industry Station, Beltsville, 
Maryland. 

DuBuy, Herman G., 5013 Hollywood 
Road, Berwyn, Maryland. 

Ducharme, Ernest, Citrus Experiment 
Station, Lake Alfred, Florida. 

Dufour, M. F., The Micronizer Com¬ 
pany, Moorestown, Now Jersey. 

Dufrenoy, Jean, 2282 Union Street, 
Berkeley 4, California. 

Dnggar, B. M., c/o Ledcrle Labora¬ 
tories, Inc., Pearl River, New York. 

Dulaney, Eugene L., 171 Maple Ave¬ 
nue, Rahway, New Jersey. 

Dunckelman, P. H., 942 N. 6th Street, 
Baton Rouge, Louisiana. 

Dundas, BJame, Milpitas, California. 

Dunegan, John C., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Dunlap, Albert A., Division of Plant 
Pathology, Agricultural Experiment 
Station, College Station, Texas. 

Durand, Kenneth H., 405 N. Wilson, 
Modesto, California. 

Durrell, L. W., Botany Department, 
Colorado Agricultural College, Fort 
Collins, Colorado. 



TRIARCH BOTANICAL PRODUCTS 


PLANT PATHOLOGY TEACHERS: 

Simplify your teaching problems by renovating your micro¬ 
scope slide collection and making replacements with TRIARCH 
slides. 

TRIARCH pathology slides are stained by the famous Tri¬ 
arch Quadruple Combination of safranin, crystal violet, fast 
green and gold orange, unexcelled for demonstrating host reac¬ 
tion in disease lesions. 

Also, we list 100 popular slide items, heavily stocked for im¬ 
mediate shipment; over 150 supplementary items for special 
orders; three specially selected sets of 25 slides each for ele¬ 
mentary courses. 

Finally, we give you rapid, accurate service at moderate 
prices. Send for our Catalog No. 7 if you do not have it. 


GEO. H. CONANT 

TRIARCH BOTANICAL PRODUCTS 

RIPON, WISCONSIN 


FINE MICROSCOPE SLIDES FOR CRITICAL DOTANISTS 



Dye, H. W., Niagara Sprayer Co., Mid- 
dleport, New York. 

Dykstra, T., Agricultural Center, Loui¬ 
siana State University, Baton Rouge 
3, Louisiana. 

Eck, Bichard V., Woodley Park 
Towers, Washington 8, T). 0. 

Eddins, Auther H., Hastings, Florida. 

^Edgerton, 0. W., Department of Bot¬ 
any, Louisiana State University, Uni¬ 
versity, Louisiana. 

^Edson, H. A., 3810 Fourth Street, 
N.W., Washington 11, D. C. 

Ehrlich, John, Research Laboratories, 
Parke Davis & Co., Detroit 32, Michi¬ 
gan. 

Eide, Carl J., Division of Plant Pa¬ 
thology, University Farm, St. Paul 1, 
Minnesota. 

El-Helaly, A. F., Farouk 1 University, 
Alexandria, Egypt. 

Ellett, 0. W., Department of Botany, 
Ohio State University, Columbus 10, 
Ohio. 

Elliott, Edward S., Bruceton Mills, 
West Virginia. 

^Elliott, Charlotte, Westgate Lane, Lan- 
ham, Maryland. 

Ellis, Agnes M., Division of Forest 
Pathology, Plant Industry Station, 
Beltsville, Maryland. 

Ellis, Don E., Plant Pathology Section, 
Box 5397, North Carolina State Col¬ 
lege, Raleigh, North Carolina. 

Elmer, Otto H., Department of Botany 
and Plant Pathology, Kansas State 
College, Manhattan, Kansas. 

Emerson, Frank H., Department of 
Botany, University of Kansas, Law¬ 
rence, Kansas. 

Emmons, Maryhelen, Department of 
Plant Pathology, University of Ari¬ 
zona, Tucson, Arizona. 

Enge, Robert O., 1510 Delinont Court, 
Urbana, Illinois. 

English, W. Harley, Division of Plant 
Pathology, University of California, 
Davis, California. 

Epps, James M., West Tennessee Ex¬ 
periment Station, Jackson, Tennessee. 

Epps, William M., Truck Experiment 
Station, Box 337, Charleston, South 
Carolina. 

Ergle, David R., Agricultural Experi¬ 
ment Station, College Station, Texas. 

Ehiest, Carol T., Botany Department, 
Louisiana State University, Baton 
Rouge, Louisiana. 

Evans, Arlyn W., 2807 Orchard Street, 
Corvallis, Oregon. 

Evans, J. A., 5029 Du Pont Building, 
Wilmington, Delaware. 

Exner, Beatrice, 906 St. Ferdinand St., 
Baton Rouge, Louisiana. 


Ezekiel, Walter N., Navy Department, 
Bureau of Ordnance, Washington 25, 
D. C. 

Fairchild, S. J., 426 East Cook Street, 
Santa Maria, California. 

Fang, C. T., Department of Plant Pa¬ 
thology, University of Wisconsin, 
Madiron 6, Wisconsin. 

Taull, J. H., Arnold Arboretum, Har¬ 
vard University, Jamaica Plain, Mas¬ 
sachusetts. 

Favret, E. A., Araoz 2361-DTO C, 
Buenos Aires, RCA, Argentina. 

Tawcett, Howard S., Citrus Experi¬ 
ment Station, Riverside B, Califor¬ 
nia. 

Feder, William A., 5494 College Ave¬ 
nue, Oakland, California. 

Feichtmelr, Edmund F., General De¬ 
livery, Ripon, California. 

Feldman, Albert W., Rhode Island 
Agricultural Experiment Station, 
Kingston, Rhode Island. 

Felix, E. L., Agricultural Experiment 
Station, UniveAity of Tennessee, 
Knoxville, Tennessee. 

Fellows, Hurley, Department of Bot¬ 
any and Plant Pathology, Kansas 
State College, Manhattan, Kansas. 

Felton, Mathias W., Nebraska Certi¬ 
fied Potato Growers, Alliance, Ne¬ 
braska. 

Fenne, S. B., Blacksburg, Virginia. 

^Fenner, L. M., 18 Liberty Street, 
Bloomsfield, New Jersey. 

Femow, Karl H., Department of Plant 
Pathology, Cornell University, Ith¬ 
aca, New York. 

Feustel, William K., 33 Winfield Street, 
East Norwalk, Connecticut. 

^Fields, W. S., Demurest, New Jersey. 

Fife, James M., 3201 Pine Street, 
Riverside, California, 

Fink, Harry C., Botany Hall, Iowa 
State College, Ames, Iowa. 

Finley, Arthur M., Botany Depart¬ 
ment, University of Missouri, Co¬ 
lumbia, Missouri. 

Fiore, Charles, Prairie View, Illinois. 

'^Fischer, George W., Department of 
Plant Pathology, State College of 
Washington, Pullman, Washington. 

Fischetti, Dario L., Paseo Coldn 285, 
Buenos Aires, Argentina. 

Fisher, Francine E., Citrus Experiment 
Station, Lake Alfred, Florida. 

Fitchett, Donald J., 301 E. Ashley 
Street, Jefferson City, Missouri. 

Fitzpatrick, H. M., Department of 
Plant Pathology, Cornell University, 
Ithaca, New York. 

Fitzpatrick, Hugh F., 3951 Everest 
Street, Arlington, California. 
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Fletcher, Donald O., 415 McKnight 
Bldg., Minneapolis 1, Minnesota. 

Flor, Harold H., State College Station, 
Fargo, North Dakota. 

Foil, S. 0., 797 N. Milwaukee Street, 
Milwaukee, Wisconsin. 

Folsom, Donald, Maine Agricultural 
Experiment Station, Orono, Maine. 

Forbes, I. L., Department of Botany & 
Plant Pathology, Louisiana State 
University, University, Louisiana. 

Ford, Clifford H., Long Island Agri¬ 
cultural and Technical Institute, 
Farmingdale, New York. 

Forsberg, J. L., 337 Natural Resources 
Building, Urbana, Illinois. 

Foster, A* Alfred, Long Island Agri¬ 
cultural and Technical Institute, 
Farmingdale, New York. 

Foster, Harold H., De])artment of Bot¬ 
any and Bacteriology, Clemson Agri¬ 
cultural College, Clemson, South Caro- 

,, lina. 

Foster, Robert E. n, De])artnient of 
Plant Pathology, New York Agricul¬ 
tural Experiment Station, Geneva, 
New York. 

Foster, W. R., Department of Agricul¬ 
ture, Parliament Buildings, Victoria, 
B. C., Canada. 

Fowler, Marvin E., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Fracker, S. B., Agriculture Research 
Administration, IT. S. Department of 
Agriculture, Washington 25, I). C. 

Frank, Arthur, Ferry-Mor. e Seed Co., 
R. F. 1). 1, Box 543, Rochester, Min¬ 
nesota. 

Frazier, Norman W., Division of Ento¬ 
mology, University of (halifornia, 
Berkeley 4, (California. 

^Freeman, E. M., Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Freitag, J. H., Division of Kntomology, 
University of California, Berkeley 4, 
(California. 

French, Alexander M., Plant Pathol¬ 
ogy ‘Department, Cornell University, 
Ithaca, New York. 

French, G. T., 1112 State Office Build¬ 
ing, Richmond 19, Virginia. 

Frldlund, Paul R., Division of Plant 
Pathology, University Farm, St. 
Paul 1, Minnesota. 

Friedman, Bernard A., U. S. Depart¬ 
ment of Agriculture, Room 1022, (541 
Washington Street, New York 14, 
New York. 

^Fromme, F. D., Office of Experiment 
Stations, U. S. Department of Agri¬ 
culture, Washington 25, D. C. 

Fulmer, W. L., 505 Boylston Avenue 
N., Seattle 2, Washington. 


■‘Fulton, Harry R., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Fulton, J. P., Department of Plant 
Pathology, University of Arkansas, 
Fayetteville, Arkansas. 

Fulton, Joseph P., 308 Natural History 
Building, Urbana, Illinois. 

Fulton, Robert W., Horticulture De¬ 
partment, University of Wisconsin, 
Madi/on 6, Wisconsin. 

Gaines, J. G., Coastal Plain Experiment 
Station, Tifton, Georgia. 

Gallegly, M. E., Jr., Department of 
Plant Pathology, University of Wis¬ 
consin, Madison (5, Wisconsin. 

Garces O., Carlos, Palace 58-59, Me¬ 
dellin, (Colombia. 

Garcia Rada, German, La Molina Agri¬ 
cultural Experiment Station, La Mo¬ 
lina, Peru. 

Gardner, Leo R., California Spray 
Chemical Corp., Richmond, Cali¬ 
fornia. 

^Gardner, Max W., Division of Plant 
Pathology, University of California, 
Berkeley 4, California. 

Garren, Kenneth H., Department of 
Botany, A. P. I., Auburn, Alabama. 

Garriss, "Howard R., State College Sta¬ 
tion, Raleigh, North Carolina. 

GaskUl, John O., Box 532, Fort Collins, 
Colorado. 

Gaulet, Pauline L., Brooklyn Botanic 
Garden, 1000 Washington Avenue, 
Brooklyn 25, New York. 

G^umann, Ernst, Eidg, Technische 
Hochschule, UniversitiiUstrasse, Zu¬ 
rich, Switzerland. 

Geise, Fred W., American Can Com¬ 
pany, 104 S. Micliigan Avenue, Chi¬ 
cago 3, Illinois. 

Gemmell, Louis G., 237 W. Union Ave¬ 
nue, Bound Brook, New .lersey, 

Gerdemann, J. W., 1405 Josephine 
Street, Berkeley 3, California. 

Gibler, John W., Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Gibson, Frederick, Superior, Arizona. 

“Giddings, N. J., Box 31, Riverside, 
(California. 

Gilbert, E. M., Biology Building, Uni¬ 
versity of Wisconsin, Madison 6, Wis¬ 
consin. 

Gilgut, C. J., Waltham Field Station, 
Waltham, Marsachusetts. 

Gill, Denzell L., Field Laboratory, 
Springhill, Alabama. 

^Gilman, Joseph 0., 518 Ash Avenue, 
Ames, Iowa. 

Gilmer, Ralph, Box 304, Morgan Hill, 
California. 

Gilmer, Robert M., 2514 E. Johnson 
Street, Madison, Wisconsin, 
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Oloyer, W* O., 106 Lyceum Street, 
Geneva, New York. 

Godfrey, G. H., Texas Agricultural Ex¬ 
periment Substation 15, Weslaco, 
Texas. 

Goidanich, Gabriel, via S. Susanna, 
Stazione di Patologia Vegetale, 
Roma, Italy. 

Goldii^, Pearl, 418i Second Street, 
Davis, California. 

Goldsworthy, M. 0., Plant Industry 
Station, Beltsville, Maryland. 

Gooch, F. S., Southwestern Louisiana 
Institute, Lafayette, Louisiana. 

Good, H. M., Department of Botany, 
University of Toronto, Toronto 5, 
Canada. 

Gtoodman, J. J., Division of Plant Pa- 
tholo^, University Farm, St. Paul 
1, Minnesota. 

Gordon, Dorothy R., 403 East 8th 
Street, Loveland, Colorado. 

Gordon, Fred M., Nassau County Farm 
Bureau, MineoLa, New York. 

Gordon, W. L., Dominion Rust Research 
Laboratory, University of Manitoba, 
Winnipeg, Manitoba, Canada. 

Gk)renz, August M., Department of 
Plant Pathology, University of Wis¬ 
consin, MadiEon 6, Wisconsin. 

Goss, R. W., Department of Plant Pa¬ 
thology, College of Agriculture, Lin¬ 
coln 1, Nebraska. 

Gottlieb, David, Department of Horti¬ 
culture, University of Illinois, Ur- 
bana, Illinois. 

Goto, Shosuke, Division of Plant Path¬ 
ology and Botany, University Farm, 
St. Paul 1, Minnesota. 

Gotz, Mathilde Bensaude, 410 River¬ 
side Drive, New York 25, New York. 

Gould, C. J., Western Washington Ex¬ 
periment Station, Puyallup, Wash¬ 
ington. 

Graham, J. H., Box 5397, North Caro¬ 
lina State College, Raleigh, North 
Carolina. 

Graham, Richard W., 155 Forest Street, 
Veterans Village, Ft. Collins, Colo¬ 
rado. 

Graham, Thomas W., Pee Dee Experi¬ 
ment Station, Florence, South Caro¬ 
lina. 

Grainger, John, Department of Plant 
Pathology, The West of Scotland 
Agricultural College, Auchincruive 
by Ayr, Scotland. 

Granovsky, Alexander A., Division of 
Entomology, University Farm, St. 
Paul 1, Minnesota. 

Grant, Theodore J., c/o Consulate Gen¬ 
eral, Sao Paulo, Brazil. 

Gratz, L. O., Agricultural Experiment 
Station, Gainesville, Florida. 


Gravatt, Annie R., Division of Infor¬ 
mation, Plant Industry Station, 
Beltsville, Maryland. 

Gravatt, G. Flippo, Plant Industry 
Station, Beltsville, Maryland. 
^Graves, Arthur H., 255 S. Main Street, 
Wallingford, Connecticut. 

Greaney, F. J., Northwest Line Eleva¬ 
tors, Grain Exchange Building, Win¬ 
nipeg, Manitoba, Canada. 

Greene, H. C., Biology Building, Uni¬ 
versity of Wisconsin, Madison 6, 
Wisconsin. 

Greenleaf, Walter, Alabama Experi¬ 
ment Station, Auburn, Alabama. 
Gregory, Ohas. T., 229 W. Jewel Ave¬ 
nue, Kirkwood 22, Missouri. 

Gries, George A., Agricultural Experi¬ 
ment Station, Purdue University, 
Lafayette, Indiana. 

Griffith, R. B., 6127 Magnolia Avenue, 
Riverside, California. 

Grogan, Raymond G., Department of 
Plant Pathology, University of Cali¬ 
fornia, Davis, California. 

Groves, A. B., 1415 Greystone Terrace, 
Winchester, Virginia. 

Gruenhagen, R. H., Biochemical Re¬ 
search Laboratory, Dow Chemical Co., 
Midland, Michigan. 

Guba, £. F., Waltham Field Station, 
240 Beaver Street, Waltham, Massa¬ 
chusetts. 

Quiscafre-Arrillaga, J., c/o Depart¬ 
ment of Plant Pathology, Louisiana 
State University, Baton Rouge, Lou¬ 
isiana. 

Gupta, B. M., Department of Biology, 
Phipps Conservatory, University of 
Pittsburgh, Pittsburgh, Pennsylvania. 
Guterman, Carl E. F., Roberts Hall, 
Cornell University, Ithaca, New 
York. 

Guy, H. G., Research Department, Kop- 
pers Co., Pittsburgh 19, Pennsyl¬ 
vania. 

Haas, Carstens Y., Box 388, Philadel¬ 
phia 5, Pennsylvania. 

Haasis, Frank A., Box 786, Babylon, 
New York. 

Hadden, 8. J., Coheres Pedigreed Seed 
Co., Hartsvillc, South Carolina. 
Haenseler, 0. M., Agricultural Experi¬ 
ment Station, New Brunswick, New 
Jersey. 

Hafsta^ George E., 616 Mulberry 
Street, Macon, Georgia. 

Hagborg, W. A. F., Dominion Labora¬ 
tory of Plant Pathology, Manitoba 
Agricultural College, Winnipeg, Man¬ 
itoba, Canada. 

Hagedom, Donald J., Department of 
Plant Pathology, University of Wis¬ 
consin, Madison 6, Wisconsin. 
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A Simple Addition 

tor Improved Quality of 

CONCENTRATES or BLENDED DUSTS 



With DILUEX added, you can assure uniform appearance of a 
packaged product and also effect improvement in the essential qualities 
of flowability, dustability, adhesion, and non-abrasion. 


Properties of DILUEX 

APPEARANCE: Grayish -white Powder, Amphibole-like Structure 
COMPOSITION: Floridin (Florida Fullers Earth) 

MESH: 85% Finer than U.S.-325 

PARTICLE DIAMETER: 15-18 microns (by air permeation) 

BULK: 20-22 Ibs./cu.ft. loose. 34-36 Ibs./cu. ft. packed 
ABRASIVENESS: Very low—an advantage to application machinery 
GRINDING AID: Highest rating for DDT particle-size reduction 
ADSORPTION: 10-30% Light Oils, 40% for Viscous Liquids 
DISPERSION: Quick-wetting—Ready dispersion 

Give your toxicants full opportunity to do their work. Support them 
with DILUEX. 

















Hahn, Glenn Gardner, Marsh Hall, 
Yale University, 360 Prospect Street, 
New Haven 11, Connecticut, 

Hall, Dennis H., Utah State Agricul¬ 
tural College, Logan, Utah. 

Hamilton, James M., Experiment Sta¬ 
tion, Geneva, New York. 

Hampton, Jack E., Department of 
Plant Pathology, University of Ari¬ 
zona, Tucson, Arizona. 

Hanna, W. P., Dominion Rust Research 
Laboratory, University of Manitoba, 
Winnipeg, Manitoba, Canada. 

Hansen, H. N., Division of Plant Pa¬ 
thology, University of California, 
Berkeley 4, California. 

Hanslng, Earl D., Department of Bot¬ 
any and Plant Pathology, Kansas 
State College, Manhattan, Kansas. 

Hanson, Earle W., Plant Pathology Di¬ 
vision, University of Wisconsin, 
Madison 6, Wisconsin. 

Hardh, K., Kuusitie 15 B54, Ilelsinke, 
Finland. 

Hardison, John R., Botany Department, 
Oregon Agricultural Experiment Sta¬ 
tion, Corvallis, Oregon. 

Hare, Woodrow W., Department of 
Plant Pathology, Mississippi Agri¬ 
cultural Experiment Station, State 
College, Mississippi. 

Harrar, J. G,, Calle Viena 26, Mexico, 
D.F., Mexico. 

Harris, Marion R., Extension Service, 
Washington State College, Pullman, 
Washington. 

Harrison, A. L., Tomato Disease Labo¬ 
ratory, Yoakum, Texas. 

Harrison, Charles, 2318 N. 38th Street, 
Seattle 3, Washington. 

Harrison, George J., U. S. Cotton Field 
Station, Shafter, California. 

Harrison, Kenneth A., Kentville, Nova 
Scotia, Canada. 

Har^, John B., Boyce Thompson In¬ 
stitute, Yonkers 3, New York. 

Hart, Helen, Division of Plant Pathol¬ 
ogy, University Farm, St. Paul 1, 
Minnesota. 

^Hartley, Carl, Plant Industry Station, 
Beltsville, Maryland. 

Hartman, John D., Department of Hor¬ 
ticulture, Purdue University, Lafa¬ 
yette, Indiana. 

Hartzell, Albert, Boyce Thompson In¬ 
stitute, Yonkers 3, New York. 

Harvey, James V., 2800 South 20th 
Street, Philadelphia 45, Pennsyl¬ 
vania. 

Hasanain, Syed Zulfiquarul, Univer¬ 
sity Farm, St. Paul 1, Minnesota. 

^Haskell, R. J., Extension Service, U. S. 
Department of Agriculture, Wash¬ 
ington 25, D. C. 


Hassan, Hussein H., Department of 
Horticulture, University of Illinois, 
Urbana, Illinois. 

Hassan, S. F., Division of Plant Pathol- 
ogy. University Farm, St. Paul 1, 
Minnesota. 

Hatfield, W. C., American Can Com¬ 
pany, 111 Sutter Street, San Fran¬ 
cisco 4, California. 

Hauser, Richard S., Department of Bot¬ 
any and Plant Pathology, Michigan 
State College, East Lansing, Mich¬ 
igan. 

Haymaker, H. H., Department of Bot¬ 
any and Plant Pathology, Kansas 
State College, Manhattan, Kansas. 

Heald, F. D., 312 Howard Street, Pull¬ 
man, Washington. 

Hebert, Teddy T., Botany Department, 
North Carolina State College, Raleigh, 
North Carolina. 

Hedges, Florence, c/o Dr. John Steven¬ 
son, Plant Industry Station, Belts¬ 
ville, Maryland. 

Heggestad, Howard E., Tobacco Ex¬ 
periment Statipn, Greeneville, Ten¬ 
nessee. 

Heimbeck, Louise, Brosve, Levanger, 
Norway, 

Hemingway, W. C., Route 3, Twin 
Falls, Idaho. 

^Henderson, R. G,, Department of Bot¬ 
any and Plant Pathology, Agricul¬ 
tural Experiment Station, Blacksburg, 
Virginia. 

Hendi^, J. Walter, Hawaii Agricul¬ 
tural Experiment Station, University 
of Hawaii, Honolulu, Hawaii. 

Henker, Sergio Tartakowsky, Box 
4647, Santiago, Chile. 

Henry, A. W., University of Alberta, 
.Edmonton, Alberta, Canada. 

Henry, Berch, Ashe Forest Nursery, 
Brooklyn, Mississippi. 

Henson, Lawrence, Department of 
Agronomy, Kentucky Agricultural 
Experiment Station, Lexington 29, 
Kentucky. 

Hepting, George H., U. S. Division of 
Forest Pathology, 223 Federal Build¬ 
ing, Asheville, North Carolina. 

^Hosier, L. R., Department of Botany, 
University of Tennessee, Knoxville, 
Tennessee. 

Hesseltine, C. W., Mountain View Gar¬ 
dens, Pearl River, New York. 

Heuberger, John W., Department of 
Plant Pathology, University of Dela¬ 
ware, Newark, Delaware. 

Hewitt, J. Lee, 877 Canterbury Road, 
Sacramento 15, California. 

Hewitt, William B., Division of Plant 
Pathology, University Farm, Davis, 
California. 
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Heyne, Elmer O., Department of 
Agronomy, Kansas State College, 
Manhattan, Kansas. 

^Higgiiui, B. B., Department of Botany, 
Georgia Experiment Station, Experi¬ 
ment, Georgia. 

Hilbom, Merle T., Agricultural Experi¬ 
ment Station, Orono, Maine. 

Hildebrand, A. A., Harrow, Ontario, 
Canada. 

Hildebrand, Bari M., Biology Depart¬ 
ment, Texas A & M., College Station, 
Texas. 

Hlldebiandt, Albert 0 ., Dej3artmcnt of 
Plant Pathology, University of Wis¬ 
consin, Madison 6, Wisconsin. 

Hill, John P., 300 Elizabeth Street, 
Redlands, California. 

BUngoxani, M. K., Lodi Hoad Colony, 
Block 5, House 583, New Delhi, 
India. 

Hirschhom, Blisa, Estacion Experi¬ 
mental, Central Castelav, E. C. O., 
Argentina. 

Hirt, Bay E., New York State College 
of Forestry, Syracuse 1, New York. 

Hltchner, L. S., 285 Madison Avenue, 
New York 17, New York. 

Hockey, J. F., Kentville, N. S., Canada. 

Hodges, F. Allen, Pood & Drug Admin¬ 
istration, Federal Security Agency, 
Washington 25, D. C. 

Hoemer, G. R., Oregon State College, 
Corvallis, Oregon. 

Holbert, J, B., Box 828, Funk Bros. 
Seed Co., Bloomington, Illinois. 

Holdeman, Quintln L., Botany Depart¬ 
ment, Louisiana State University, 
Baton Rouge 3, Louisiana. 

Hollis, John P., Jr., Department of 
Plant Pathology, Connecticut Agri¬ 
cultural Experiment Station, New 
Haven 4, Connecticut. 

Holmes, Francis O., Rockefeller Insti¬ 
tute for Medical Research, Prince¬ 
ton, New Jersey. 

Holton, C. S., Department of Plant Pa¬ 
thology, State College of Washington, 
Pullman, Washington. 

Honey, Edwin E., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Hooker, William J., Section of Botany 
and Plant Pathology, Iowa Agricul¬ 
tural Experiment Station, Ames, 
Iowa. 

Hoppe, Paul E., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Hopperstead, S. L., B. F. Goodrich 
Chemical Co., 324 Rose Building, 
Cleveland, Ohio. 

Horn, Korman K, Department of Plant 
Pathology, University of Maryland, 
College Park, Maryland. 


Horsey, Robert B., Sindar Corporation, 
330 W. 42nd Street, New York 18, 
New York. 

^Horsfall, James G., Agricultural Ex¬ 
periment Station, New Haven 4, Con¬ 
necticut. 

Hotson, J. W., Johnson Hall, Univer¬ 
sity of Washington, Seattle 5, Wash¬ 
ington. 

Hough, L. Frederic, Department of 
Horticulture, Rutgers University, 
Agricultural Experiment Station, 
New Brunswick, New Jersey. 

Houston, Byron R., College of Agricul¬ 
ture, Davis, California. 

Howard, Frank L., Department of Bot¬ 
any, Rhode Island State College, 
Kingston, Rhode Island. 

Howard, Grace B., Botany Dopartment, 
Wellesley College, Wellesley, Mas¬ 
sachusetts. 

Howitt, J. B., Ontario Agricultural 
College, Guelph, Out., Canada. 

Howland, Joseph B., Meredith Publish¬ 
ing Co., Des Moines, Iowa. 

Hoyman, William G., Department of 
Plant Pathology, North Dakota State 
College, Fargo, North Dakota. 

Hsia, Yu-Tien, Division of Plant Pa¬ 
thology, University Farm, St. Paul 
1, Minnesota. 

Hufflngton, Jesse M., Chef Boy-Ar Dee 
Quality Foods, Inc., Biglervillo, 
Pennsylvania. 

Humphrey, 0. J., 150 S. Gardner 
Street, Los Angeles 36, California. 

^Humphrey, H. B., Box 14, Cosmos Club, 
Washington 5, D. C. 

Hungerford, Chas. W., Department of 
Plant Pathology, University of Idaho, 
Moscow, Idaho. 

Hunt, N. Rex, Felton, California. 

*Hunter, Herman A., 405 Magnolia Ave¬ 
nue, Frederick, Maryland. 

Hurt, Robert H., Piedmont Field Lab¬ 
oratory, University of Virginia, Char¬ 
lottesville, Virginia. 

*Hutchins, Lee M., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Hwang, L., College of Agriculture, Na¬ 
tional Kwangsi University, Kweilin, 
Kwangsi, China, 

Hyre, Russel A., Department of Plant 
Pathology, University of Delaware, 
Newark, Delaware. 

Ibrahim, Ishmail A., Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Imle, B. P., U. S. Department of Agri¬ 
culture, Cooperative Rubber Plant 
Field Station, Turrialba, Costa Rica. 

Inman, F. G., 24 Avery Avenue, Buf¬ 
falo, New York. 
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Irons, Frank, Box 107, Station E, To- 
ledo, Ohio. 

Irving, George W., Jr., Bureau of 
Agricultural and Industrial Chem¬ 
istry, Department of Agriculture, 
South Building, Washington 25 , 
D. C. 

Isaakides, Constantin A., Ministere de 
1’Agriculture, Athens, Greece. 

Ivanoff, S. S., Department of Plant Pa¬ 
thology, Mississippi Agricultural Ex¬ 
periment Station, State College, Mis¬ 
sissippi. 

'^Jackson, H. S., Department of Botany, 
University of Toronto, Toronto, On¬ 
tario, Canada. 

Jackson, Lyle W. B., Forestry Depart¬ 
ment, University of Georgia, Athens, 
Georgia. 

Jacques, J, Emile, Montreal Botanical 
Garden, Montreal, Canada. 

Jamalainen, E. A., Finland Agricul¬ 
tural Experiment Station, Tikkurila, 
Finland (Suomi). 

James, W. S., Micronizer Processing 
Co., Moorostown, New Jersey. 

Janson, Blair F., Department of Bot¬ 
any, Ohio State University, Columbus 
10, Ohio. 

Jauch, Clotilde, Prey re 2175, Buenos 
Aires, Argentina. 

Jeffers, Walter F., 6824 Pino Way, Col¬ 
lege Heights, Hyattsville, Maryland. 

*Jelfle, R. A., Extension Service, Mary¬ 
land State Agricultural College, Col¬ 
lege Park, Maryland. 

Jenkins, Anna E., 2310 Connecticut 
Avenue, N. W., Washington 8, D. C. 

Jenkins, Wilbert A., Virginia Tobacco 
Research Station, Chatham, Virginia. 

Jensen, D. D., 112 Agriculture Hall, 
University o^ California, Berkeley, 
California. 

Jensen, James H., Atomic Energy Com¬ 
mission, 1901 Constitution Avenue, 
Washington 25, D. C. 

Johann, BCelen, 1320 Spring Street, 
Madison, Wisconsin. 

^Johnson, Aaron G., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Johnson, Conrad 0., c/o Tunis Speiden 
& Co., 117 Liberty Street, New York 
6, New York. 

^Johnson, Edward M., Agricultural Ex¬ 
periment Station, Lexington 29, Ken¬ 
tucky, 

Johnson, Folke, Western Washington 
Experiment Station, Puyallup, Wash¬ 
ington. 

Johnson, Herbert G., c/o Yoder Bros., 
Box 230, Barberton, Ohio. 

Johnson, Howard B., Windermere, 
Florida. 


Johnson, James, Horticulture Build¬ 
ing, University of Wisconsin, Madi¬ 
son 6, Wisconsin. 

Johnson, Nels J., 1212 Elmwood Ave¬ 
nue, Evanston, Illinois. 

Johnson, T., Dominion Rust Research 
Ijaboratory, University of Manitoba, 
Winnipeg, Manitoba, Canada. 

Johnson, T, 0., Box 263, Lancaster, 
Pennsylvania. 

Johnson, 0. O., Department of Botany 
and Plant Pathology, Kansas State 
College, Manhattan, Kansas. 

*Jones, Fred B., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

* Jones, L. K., Box 893, Hilo, Hawaii. 

Jones, S. G., The University, Glasgow, 
Scotland. 

J0rstad, Ivar, Botanical Museum, Oslo, 
Norway. 

Josephson, Leonard M., Agronomy De¬ 
partment, Kentucky Agricultural Ex 
periment Station, Lexington 29, Ken¬ 
tucky. ^ 

Jucksch, Harry H., 2019 Yolo Avenue, 
Berkeley 7, California. 


Keener, Paul D., Department of Plant 
Pathology, College of Agriculture 
and Experiment Station, University 
of Arizona, Tucson, Arizona. 

Kell, Harry L., Biological Laborato¬ 
ries, Rohm & Haas Co., Bristol, Penn¬ 
sylvania. 

*Keitt, G. W., Department of Plant Pa¬ 
thology, University of Wisconsin, 
Madison 6, Wisconsin. 

Kelm9.n, Ar^ur, Plant Pathology Sec¬ 
tion, North Carolina State College, 
Raleigh, North Carolina. 

^Kendrick, J. B., Division of Plant Pa¬ 
thology, University Farm, Davis, Ca¬ 
lifornia. 

Kendrick, James B., Jr., Division of 
Plant Pathology, Citrus Experiment 
Station, Riverside, California. 

Kenknlght, Glenn, U. S. Horticulture 
Field Laboratory, Fort Valley, Geor- 
gi«* 

Kennelty, Bay, Room 601-A, Custom 
House, Philadelphia 6, Pennsylvania. 

Kent, Ellis 0., 984 Spruce Street, 
Salem, Oregon. 

Kent, G. 0., Department of Plant Pa¬ 
thology, Cornell University, Ithaca, 
New York. 

Kephart, Joyce E., Fruit and Vegetable 
Division, Plant Industry Station, 
Beltsville, Maryland. 

*Kem, F. D., Pennsylvania State Col¬ 
lege, State College, Pennsylvania. 
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Disease-Resistant 

Vegetables 


XN recent years, the study of plant diseases and develop¬ 
ment of disease-resistant strains of vegetables have become major 
objectives of the Ferry-Morse Seed-Breeding Staff. Our work has 
already resulted in the successful introduction of varieties of 

• Beans resistant to Rust 

• Beet resistant to Mildew 

• Cabbage resistant to Yellows 

• Celery resistant to Fusarium Yellows 

• Lettuce resistant to Brown Blight 

• Peas resistant to Fusarium Wilt 

• Tomato resistant to Fusarium Wilt 

We have received splendid cooperation from members of the Ameri¬ 
can Phytopathological Society, who have contributed much to our 
knowledge of Plant Diseases. We believe that we have only 
scratched the surface on resistance development and we hope to 
contribute further accomplishments as our mutual research con¬ 
tinues. 


FERRY-MORSE SEED CO. 

DETROIT 31 - SAN FRANCISCO 24 - LOS ANGLES 1 - MEMPHIS 1 


^2 YEjiRS WITH BUT ONE OBJECTIVE — BETTER VEGETABLES AND FLOWER SEEDS 



Kemkamp, M. F., Division of Plant Pa¬ 
thology, University Farm, St. Paul 
1, Minnesota. 

Kevorkian, Arthur Q., Atkins Garden 
and Research Laboratory (Soledad), 
Gienfuegos, Cuba. 

Khan, Abdul Hamid, 107 Hilgard Hall, 
University of California, Berkeley, 
California. 

Khan, Inam U., Citrus Experiment 
Station, Riverside, California. 

Kienholz, J. B., U. S. Fruit Disease 
Laboratory, P. O. Box 89, Hood 
River, Oregon. 

*Kightlinger, Clifford V., Stockbridge 
Hall, Ma: sachusetts State College, 
Amherst, Massachusetts. 

Kimney, J. W., 720 Appraisers Build¬ 
ing, 630 Sansome Street, San Fran¬ 
cisco 11, California. 

Kincaid, Randall B., Quincy, Florida. 

King, Claude, Kansas State College, 
Manhattan, Kansas. 

King, John W., Morgan State College, 
Baltimore, Maryland. 

King, Thomas H., University Farm, 

St. Paul 1, Minnesota. 

Kingsolver, Charles H., Botany Depart¬ 
ment, University of Missouri, Colum¬ 
bia, Missouri. 

*Kirby, B. S., Department of Botany, 
Pennsylvania State College, State 
College, Pennsylvania. 

Kirkpatrick, Hugh C., Plant Pathol¬ 
ogy Department, Cornell University, 
Ithaca, New York. 

Kitchen, Edward M., Pacific Coast 
Borax Co., 51 Madison Avenue, New 
York 10, New York. 

Klein, Bichard M., Department of Bot¬ 
any, University of Chicago, Chicago 
37, Illinois. 

Klotz, L. J., 4624 Olivewood Avenue, 
Riverside, California. 

Knorr, L. Carl, Citrus Experiment Sta¬ 
tion, University of Florida, Lake Al¬ 
fred, Florida. 

Koch, Karl, Box 728, Presque Isle, 
Maine. 

Koehler, Benjamin, Department of 
Agronomy, University of Illinois, 
Urbana, Illinois. 

Kolk, Laura A., 416 Ocean Avenue, 
Brooklyn, New York. 

Kommedahl, Thor, Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Kopf, Kenneth, Hawaiian Pineapple 
Co., Honolulu 1, Hawaii. 

Koshy, T. A., 105 E. Patterson Avenue, 
Columbus 2, Ohio. 

Kotila, J. B., Plant Industry Station, 
Beltsville, Maryland. 

Kramer, Idoysee, Institute Bioldgico, 
Caixa Postal 2821, Sfio Paulo, Brazil. 
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Kreitlow, Kermit W., U. S. Regional 
Pasture Research Laboratory, State 
College, Pennsylvania. 

Kreutzer, William A., Shell Agricul¬ 
tural Laboratory, P. O. Box 1531, 
Modecto, California. 

Kunkel, L. O., The Rockefeller Insti¬ 
tute for Medical Research, Princeton, 
New Jersey. 

Kuntay, Lel^attin, Yukesk Ziraat En- 
stitusii, Ankara, Turkey. 

Kuntz, James, Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Lachmund, Harry G., Box 422, Carmel, 
California. 

Lackey, Charles F., Box 31, Bureau of 
Plant Industry, U. S. Department of 
Agriculture, Riverside, California. 

Ladeburg, B. C., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Lambert, Edmund B., Plant Industry 
Station, Beltsville, Maryland. 

Lancaster, F. R., The Davey Tree Ex¬ 
pert Co., Kent, Ohio. 

Lane, George H., Department of Bot¬ 
any and Plant Pathology, Colorado 
State College, Fort Collins, Colorado. 

Langdon, B. F., University of Queens¬ 
land, Brisbane, Australia. 

Langford, A. N., Bishop ^s University, 
Lennoxville, Quebec, Canada. 

Langford, Michael H., Plant Industry 
Station, Beltsville, Maryland. 

Large, JohnB., Tung Field Ijaboratory, 
Box 812, Bogahua, Louisiana. 

Larsh, Howard W., Department of 
Plant Sciences, University of Okla¬ 
homa, Norman, Oklahoma. 

Larson, * Bussell H., Department of 
Plant Pathology, University of Wis¬ 
consin, Madison 6, Wisconsin. 

Latham, Dennis H., Springfield, Ten¬ 
nessee. 

Lavltt, Edwin M., Box 89, Rockville, 
Connecticut. 

Lawyer, Lewis O., California Packing 
Corp., Morgan Hill, California. 

Leach, J. G., Department of Plant 
Pathology, University of West Vir¬ 
ginia, Morgantown, West Virginia. • 
*Ijeach, Lysle D., Division of Plant 
Pathology, University Farm, Davis, 
California. 

Lear, Bert, Department of Plant Pa- 
. thology, Cornell University, Ithaca, 
New York. 

Lebeau, F. J., U. S. Department of 
Agriculture, Sugar Plants Field Sta¬ 
tion, Meridian, Mississippi. 

Leben, 0., Department of Plant Pa¬ 
thology, University of Wisconsin, 
Madison 6, Wisconsin. 



LeOlerg, E. L., Bureau of Budget^ 
1724 F Street, N.W., Washington 
25, D. C. 

Lee, Bertrand W., Maunaloa, Molokai, 
Hawaii. 

Lee, Cecil S., Madre Sierra, Compania 
Agricola Limitada, Bauta, Havana, 
Cuba. 

*Lee, H. Atherton, Director Agricul¬ 
tural Experiment Station, Mayaguez, 
Porto Rico. 

Lefebvre, 0. L., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Lehenbauer, B. A., 1208 Patrick Ave., 
Reno, Nevada. 

Lehman, S. G., State College of Agri¬ 
culture and Engineering, Raleigh, 
North Carolina. 

Leria-Esmoris, Josd, Box 184, Maya¬ 
guez, Porto Rico. 

Leukel, B. W., Plant Industry Station, 
Beltsville, Maryland. 

Leutritz, John, Jr., Bell Telephone 
Tjaboratoriea Inc., 409 Broad Street, 
^ummit. New Jersey. 

Levine, Michael, 100 Halsted Avenue, 
Yonkers 4, New York. 

^Levine, M. N., Division of Plant Pa¬ 
thology, University Farm, St. Paul 1, 
Minnesota. 

Lewis, Fred H., Fruit Research Labora¬ 
tory, Arendtsville, Pennsylvania. 

Lewis, Balph W., Department of Bot¬ 
any, Michigan State College, East 
Lansing, Michigan. 

Leyendecker, Philip J., Jr., State Col¬ 
lege, New Mexico. 

Lightle, Paul C., 2400 Pepper Drive, 
Concord, (California. 

Limber, Donald P., 3 Mayfair Road, 
Morris Plains, New Jersey. 

Liming, O. N., 503 Main Street, East 
Orange, New Jersey. 

Lin, Kung-Hsiang, Lingnan University, 
Canton, China. 

Lindgren, Ralph M., U. S. Division of 
Forest Pathology, 1008 Federal Office 
Building, New Orleans, Louisiana. 

Lindner, B. 0., Tree Fruit Experiment 
Station, Wenatchee, Washington. 

* Linford, M. B., Pineapple Experiment 
Station, P.O. Box 3166, Honolulu, 
Hawaii. 

Ling, Lee, No. 48, Lane 1340, Sinza 
Road, Shanghai, China. 

Ling, Mrs. Ju-Shen Hsu, 1902 C Street 
N. E., Washington, D. C. 

Link, George K. K., Botany Building, 
University of Chicago, Chicago 37, 
Illinois. 

M. B., Department of Horticul¬ 
ture, University of Illinois, Urbana, 
Illinois. 


Litzenberger, S. 0., Department of 
Agronomy, University of Florida, 
Gainesville, Florida. 

Livingston, J. E., Plant Pathology De¬ 
partment, College of Agriculture, 
Lincoln 1, Nebraska. 

Uarden-Molina, Mario, Cornell Univer¬ 
sity, Ithaca, New York. 

Locke, S. B., Department of Plant 
Pathology, State College of Washing¬ 
ton, Pullman, Washington. 

Locke, Warren F., c/o Waller-Franklin 
Seed Co., Guadalupe, California. 

Loegering, William Q., University 
Farm, St. Paul 1, Minnesota. 

Logsdon, Charles E., Divirion of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

*Loh, T. C., Division of Agronomy, 
Agricultural Experiment Station, 
Shatong, Liuchow, Kwangsi, China. 

Lohman, Marion L., Botany Depart¬ 
ment, University of Hawaii, P.O. 
Box 18, Honolulu 10, Hawaii. 

Lombard, Frances F., Apt. 1, 5301 38th 
Avenue, Hyattsville, Maryland. 

Lorenz, BoUnd 0., Office Foreign Agri¬ 
cultural Relations, IT. S. Department 
of Agriculture, Washington 25, D. C. 

Loucks, Kenneth W., Lake Alfred, 
Florida. 

Lownsbery, Benjamin F., Jr., Depart¬ 
ment of Plant Pathology, Cornell 
University, Ithaca, Ne\v York. 

Lowther, C. V., State College of Wash¬ 
ington, Pullman, Washington. 

Lu, Shih-I, University Farm, Division 
of Plant Pathology, St. Paul 1, Min¬ 
nesota. 

Lucas, E. H., Department of Horticul¬ 
ture, Michigan State College, East 
Lansing, Michigan. 

Lucas, G. Blanchard, IT. S. Depart¬ 
ment of Agriculture, Tobacco Labo¬ 
ratory, Oxford, North Carolina. 

Lund, Walter T., Department of Bot¬ 
any, Oregon State College, Corvallis, 
Oregon. 

*Lutma^ B. F., Ill N. Prospect St., 
Burlington, Vermont, 

Luttrell, E. S., Botany Department, 
University of Missouri, Columbia, 
Missouri. 

Lyerly, P. J., Texas Agricultural Ex¬ 
periment Station, Substation No. 17, 
Ysleta, Texas. 

Lyle, Eldon W., Texas Rose Research 
Foundation Inc., R. F. D. 1, Box 130, 
Tyler, Texas. 

Lyle, James A., Department of Botany 
and Plant Pathology, Alabama Agri¬ 
cultural Experiment Station, Auburn, 
Alabama. 

Lynch, Daniel M., ^5724 Grandville 
Street, Detroit, Michigan. 
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Machacek, John E., Dominion Eiist Re< 
search Laboratory, Winnipeg, Mani¬ 
toba, Canada. 

Mack, QuUford L., Agricultural Kx- 
periment Station, Geneva, New York. 

Mackie, W. W., 1050 San Pablo Ave¬ 
nue, c/o Glenn Denny, Albany 6, 
California. 

MacLachlan, J. D., Department of Bot¬ 
any, Ontario Agricultural College, 
Guelph, Ontario, Canada. 

MacLean, Neil Allen, Department of 
Plant Pathology, State College of 
Washington, Pullman, Washington. 

^MacMillan, H. Q-., 1725 Fifth Avenue, 
Los Angeles 6, California. 

Mader, E. O., Faribault, Minnesota. 

Magie, Robert O., 2906 Ninth Avenue 
W., Bradenton, Florida. 

Magner, J. M., 516 Bacon Avenue, 
Webster Groves 19, Missouri. 

Mahoney, Charles H., 1739 H Street, 
N.W., Washington 6, D. C. 

Mai, William F., Department of Plant 

' Pathology, Cornell University, Ith¬ 
aca, New York. 

*Mains, E. B., Museum Building, Uni¬ 
versity of Michigan, Ann Arbor, 
Michigan. 

Maliot, Jean C., Box 72, Niland, Cali¬ 
fornia. 

Maneval, W. E., University of Mis¬ 
souri, Columbia, Missouri. 

*Manns, Thomas E,, 57 W. Park Place, 
Newark, Delaware. 

Maramorosch, Karl, Brooklyn Botanic 
Garden, 1000 Washington Avenue, 
Brooklyn 25, New York. 

Marchionatto, Juan B., Miiiisterio de 
Agricultura de La Nacio, Diroccion 
de Sanidad Vegetal, Buenos Aires, 
Argentina. 

Marsden, David H., Clark Hall, Uni¬ 
versity of Massachusetts, Amherst, 
Massachusetts. 

Marshall, Rush P., 360 Prospect Street, 
New Haven 11, Connecticut. 

^Martin, G*. Hamilton, Jr., State Road, 
South Sudbury, Massachusetts. 

Martin, G. W., Box 326, Iowa City, 
Iowa. 

Martin, Lawrence F., Southern Re¬ 
gional Research Laboratory, 2100 
Robert E. Lee Boulevard, New Or¬ 
leans 19, Louisiana. 

^Martin, William H., Experiment Sta¬ 
tion, New Brunswick, New Jersey. 

Marti^ W. J., Botany Department, 
Louisiana State University, Baton 
Rouge, Louisiana. 

Mason, Curtis L., University of Arkan¬ 
sas, Department of Plant Pathology, 
Fayetteville, Arkansas. 


^Massey, L. M., Department of Plant 
Pathology, Cornell University, Ith¬ 
aca, New York. 

Mastenbrock, C., Kruisweg 654, 
Hoofddorp, Holland. 

Mather, Stanley M., 2712 Derby Street, 
Apt. 3, Berkeley, California. 

Mathur, Raghubir Sahai, Department 
of Plant Pathology and Bacteriology, 
West Virginia University, Morgan¬ 
town, West Virginia. 

Matsumoto, T., Phytopathological Lab¬ 
oratory, Taiwan University, Taipeh, 
Formosa, China. 

Matsuura, Minoru, Box 1882, Hilo, 
Hawaii. 

Mats, Julius, Pedro Miguel, Summit, 
Canal Zone. 

May, Curtis, Plant Industry Station, 
Beltsville, Maryland. 

McCallan, S. E. A., Boyce Thompson 
Institute for Plant ]^search, 1086 
North Broadway, Yonkers 3, New 
York. 

McClain, R. L., Bo\ 1066, Riverside, 
California. 

McClellan, Wilbur D., Plant Industry 
Station, Beltsville, Maryland. 

McClintock, J. A., Department of Hor¬ 
ticulture, Purdue University, Lafay¬ 
ette, Indiana. 

McClure, William T., Jr., Westminster, 
South Carolina. 

McCoUoch, L. P., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

McConnell, L. J., Bristol Road, Hol¬ 
land, Pennsylvania. 

*McCubbin, W. A., 114 E. Glenbrook 
Road, Bethesda, Maryland. 

^McCullpch, Lucia, 1326 Euclid Street, 
Apt. 35, Washington 9, D. C. 

McCiitcheon, O. D., 131 Eighth Street, 
Hanford, California. 

McDonough, E. S., Biology Depart¬ 
ment, Marquette University, Milwau¬ 
kee 3, Wisconsin. 

McFadden, E. S., College Station, 
Texas. 

McFarland, Frank T., Department of 
Botany, University of Kentucky, 
Lexington 29, Kentucky. 

McFarlane, J. S., U. S. Department 
of Agriculture, P.O. Box 1609, Sa¬ 
linas, California. 

McGahen, Joe W., Botany Department, 
Louisiana State University, Baton 
Rouge, Louisiana. 

McKelvey, J. J., Rockefeller Founda¬ 
tion, Calle Viena 26, Mexico, D. F., 
Mexico. 

McKenzie, Malcolm A., Clark Hall, 
Massachusetts State College, Am¬ 
herst, Massachusetts. 

^McKinney, H. H., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 
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Aids for Agricultnre 

Work in these laboratories assures constant improvement 
and extension oi our list of well-known 
products for agriculture 

Carriers Dispersing Agents 

PYftAX ABB DARVAN #1 

CHEROKEE Clay DARVAN #2 

CONTINENTAL Clay 

Sticker Toxicant 

VEEGUM SODIUM SELENATE 

Samphf and litaratura €nfailaUa 


R. T. VaNDERBaX CO., INC. 

Specialties Department 

_ 2 30 PARK AVENUE. NEW YORK 17, N. Y. _ 



McLaughlin, Gus A., Merimack Farm¬ 
ers Exchange, Concord, New Hamp¬ 
shire. 

McLaughlin, J. Harvey, Botany and 
Plant Pathology, Oklahoma A. & M. 
College, Stillwater, Oklahoma. 

McLean, Darrell Marshall, 1410 Vir¬ 
ginia Street, Mount Vernon, Wash¬ 
ington. 

McLean, John Q., Kern Co. Seed Po¬ 
tato Association, Box 488, Bakers¬ 
field, California. 

McLean, Ruth, Department of Bac¬ 
teriology, University of North Caro¬ 
lina Medical School, Chapel Hill, 
North Carolina. 

McManus, Peter J., Cooperative G.L.F. 
Soil Building Service, Inc., Terrace 
Hill, Ithaca, New York. 

McNew, George L., Botany Depart¬ 
ment, Iowa State College,* Ames, 
Iowa. 

McWhorter, Frank P*, Department 
of Botany, Oregon State College, 
Corvallis, Oregon. 

Mead, H. W., Dominion Tjaboratory of 
Plant Pathology, University of Sas¬ 
katoon, Saskatoon, Canada. 

Mehrlich, F. P., Hawaiian Pineapple 
Co., Ltd., P.O. Drawer 3380, Hono¬ 
lulu 1, Hawaii. 

Mehta, P. B., Division of Plant Pathol¬ 
ogy, University Farm, St. Paul 1, 
Minnesota. 

^Meinecke, E. P., 720 Appraisers Build¬ 
ing, 630 Sansome Street, San Fran¬ 
cisco 11, California. 

^Meier, "Mib. F. C., 6402 Beechwood 
Drive, Chevy Chase, Maryland. 

Meiners, Jack P., Department of Plant 
Pathology, State College of Wash¬ 
ington, Pullman, Washington. 

^Melander, Leonard W., Division of 
Plant Pathology, University Farm, 
St. Paul 1, Minnesota. 

Melchers, L. B., Department of Botany 
and Plant Pathology, Kansas State 
College, Manhattan, Kansas. 

Melendez, Maria de Los Angeles, Calle 
Viena 26, Mexico, D.F., Mexico. 

*Melhus, I. B., Botany Department, 
Iowa State College, Amea, Iowa. 

Menzles, James David, 1000 Memorial 
Street, Prosser, Washington. 

Meredith, Clifford H., Apartado 669, 
Maracay, Venezuela. 

Meuli, Lloyd J., The Great Western 
Division, Dow Chemical Co., P.O. 
Box 245, Seal Beach, California. 

Michaelson, Merle B., Colorado A. & 
M. College, Port Collins, Colorado. 

Middleton, John T., Division of Plant 
Pathology, Citrus Experiment Sta¬ 
tion, Riverside, California. 


Mielke, James L., Forest Pathology, 
Box 523, Albuquerque, New Mexico. 

Milbrath, D. G., 1410 4l8t Street, Sac¬ 
ramento 16, California. 

Milbrath, J. A., Botany Department, 
Oregon State College, Corvallis, Ore¬ 
gon. 

Miles, G. F., Box 66, Holly Oak, Dela¬ 
ware. 

Millar, Paul H., War Memorial Build¬ 
ing, Little Rock, Arkansas. 

Miller, Harold J., Department of Bot¬ 
any, Pennsylvania State College, 
State College, Pennsylvania. 

Miller, H. N., Vegetable Crops Labora¬ 
tory, Brandenton, Florida, 

Miller, Joseph A., 364 Prospect Street, 
South Orange, New Jersey. 

Miller, Julian H., Department of Plant 
Pathology, University of Georgia, 
Athena, Georgia. 

Miller, J. J., Dominion Laboratory of 
Plant Pathology, St. Catherines, 
Canada. 

Miller, Lawrence I., Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Miller, Paul B., DiviLion of Mycology 
and Disease Survey, Plant Industry 
Station, Bcltsville, Maryland. 

Miller, Paul W., Horticulture Depart¬ 
ment, Oregon State College, Corval¬ 
lis, Oregon. 

Miller, Pierre A., Department of Agri¬ 
culture, 146 Physics-Biology Build¬ 
ing, 405 Hilgard Avenue, Los Ange¬ 
les 24, California. 

MiUer, Roy E., 1932 S. W. Water 
Street, Portland 1, Oregon. 

Miller, William Edmund, Department 
of Plftnt Pathology and Bacteriology, 
West Virginia University, Morgan¬ 
town, West Virginia. 

Milliken, Daniel F., Botany Depart¬ 
ment, University of Missouri, Colum¬ 
bia, Missouri. 

Mills, Percy J., Department of Botany, 
Louisiana State University, Univer¬ 
sity, Louisiana. 

Mills, W. D., Department of Plant Pa¬ 
thology, College of Agriculture, 
Ithaca, New York. 

Mills, Wilford B., Department of Bot¬ 
any, Pennsylvania State College, 
State College, Pennsylvania. 

Minz, Gershon, Rehovot Agricultural 
Experiment Station, Rehovot, Pales¬ 
tine. 

MlrhlJ, John L, American University, 
Beirut, Lebanon. 

Misra, A. P., 29 B. Kutchery Road, 
Lucknow, U. P., India. 

Mitchell, John E., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6. Wisconsin. 
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*Mix^ A. J., Department of Botany, Uni¬ 
versity of Kansas, Lawrence, Kansas. 

Mohanty, U. N., Department of Bac¬ 
teriology, Imperial College of Science 
and Technology, South Kensington, 
London S. W. 7, England. 

MollnarLlarden, Mario, Plant Pathol¬ 
ogy Department, Cornell University, 
Ithaca, New York. 

Mook, Paul V., 110 Piper Road, Ham¬ 
den, Connecticut. 

Moore, Elizabeth J., Department of 
Botany and Bacteriology, University 
of Texas, Austin 12, Texas. 

Moore, E. Leon, Tobacco Experiment 
Station, Oxford, North Carolina. 

Moore, E. S., The Laboratory, Balfour, 

Cape, South Africa. 

*Moore, George i., Missouri Botanical 
Garden, St. Louis 10, Missouri. 

Moore, J. Duain, Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Moore, John E., Department of Botany, * 
University of Maryland, College 
Park, Maryland. 

Moore, Katherine S., R. E. D. 3, 

Waverly, Ohio. 

Moore, M. B., Division of Plant Pathol¬ 
ogy, University Farm, St. Paul 1, 
Minnesota. 

*Moore, W. D., 501 S. Andrews Avenue, 

Fort Lauderdale, Florida. 

Moorhead, L. 0., Route 2, Box 240, St. 
Helena, California. 

Morgan, Omar D., Jr., Stadium Ter¬ 
race, Court F., Building 63, Apt. 2-C, 
Champaign, Illinois. 

Morland, Harold L., 417 Tiffin Avenue, 
Sandusky, Ohio. 

Morris, H. Elwood, Montana State Col¬ 
lege, Bozeman, Montana. 

Morrison, Lon S., Box 9, Veterans^ Vil¬ 
lage, Stillwater, Oklahoma. 

Moses, 0. S., Forest Products Labora¬ 
tory, Madison 6, Wisconsin. 

Mujica, Fernando, Box 4647, Santiago, 

Chile. 

Muller, Albert S., Escuela Nacional de 
Agricultura, Barcena, Villa Nueva, 
Guatemala. 

MuUin, B. S., Truck Experiment Sta¬ 
tion, Box 2160, Norfolk 1, Virginia. 

Muncie, J. H., Department of Botany, 
Michigan State College, East Lan¬ 
sing, Michigan. 

Mun&ur, B. B., Indian Agricultural 
Research Institute, New Delhi, India. 

Munn, Mancel T., Agricultural Experi¬ 
ment Station, Geneva, New York. 

Munnecke, Donald E., Division of 
Plant Pathology, University Farm, 

St. Paul 1, Minnesota, 

Murakishl, Haruo Harry, Department 
of Plant Pathology, .University of 
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Hawaii, Agricultural Experiment 
Station, P, O. Box 18, Honolulu 10, 
Hawaii. 

Murphy, Albert, Box 826, Twin Falls, 
Idaho. 

^Murphy, H. C., Botany Department, 
Iowa State College, Ames, Iowa. 

Nagel, Clatus M., Department of Plant 
Pathology, Agricultural Experiment 
Station, Brookings, South Dakota. 

Nance, Nellie W., Mycology & Disease 
Survey, Plant Industry Station, Belts- 
ville, Maryland. 

Natti, John J., Department of Plant 
Pathology, Cornell University, Ithaca, 
New York. 

Neal, D. C., Agricultural Center, Room 
119, University Station, Baton Rouge, 
Louisiana. 

Neergaard, Paul, Phytopathological 
Laboratory of J. E. Ohlsens Enke, 
Copenhagen, Denmark. 

Nelson, Klayton E., Box 560, Davis, 
California. 

Nelson, Ray, Botany Department, 
Michigan State College, East Lan¬ 
sing, Michigan. 

Nelson, Thomas C., Department of Bot¬ 
any and Plant Pathology, Michigan 
State College, East Lansing, Mich¬ 
igan. 

Nesom, Rivers Y., Southeastern Loui¬ 
siana College, Hammond, Louisiana. 

**Newhall, A. G., Department of Plant 
Pathology, Cornell University, Ithaca, 
New York. 

Newton, Margaret, 2392 Beach Drive, 
Victoria, B. C., Canada. 

Newton, Nelson H,, Box 145, Veterans 
Village, Stillwater, Oklahoma. 

Nichols, Lester P., 314 Ashley Road, 
Newark, Delaware. 

Nichols, Robert A., 2007 Country Club 
Boulevard, Amos, low'^a, 

Nicolaides, George, Plant Quarantine 
Station, Rosebank, Staten Island, 
New York. 

Niederhauser, John S., c/o Rockefeller 
Foundation, Calle Viena 26, Mexico, 
D.F,, Mexico. 

Nielsen, L. W., Plant Pathology Divi¬ 
sion, North Carolina State College, 

. Raleigh, North Carolina. 

Nienow, Inez, Department of Bacteri- 
ology. University of Arizona, Tucson, 
Arizona. 

Nikitin, A. A., 900 Roosevelt Highway, 
Box 89, College Park, Georgia. 

Nixon, Walter H., 98 Zabala Road, Sa¬ 
linas, California. 

Nolan, Kenneth G., 1 Cedar West 
Place, South Norwalk, Connecticut. 

Nolla, J. A. B., Mayaguez, Porto Rico. 



Nordllnger, Ernest W., 139 N. Clark 
Street, Chicago 2, IHinois. 

Norton, Donald 0., Botany and Zoology 
Building, Ohio State University, Co¬ 
lumbus 10, Ohio. 

Nugent, Thomas J., Virginia Truck 
Experiment Station, Norfolk, Vir¬ 
ginia. 

Nusbaum, Charles J., Edisto Experi¬ 
ment Station, Blackville, South Caro¬ 
lina. 

Nutile, Gabriel E., Jr., Box 406, New 
Haven 2, Connecticut. 

Nyland, George, 1403 Maple Street, 
Pullman, Washington. 

Obee, D. J., Boise Junior College, Boise, 
Idaho. 

O’Brien, Harry R., Worthington, Ohio. 

O’Brien, Muriel J., 853 President 
Street, Brooklyn 15, New York. 

Offermann, Alfredo M., Divisidn de Pi- 
topatologia, Pasco Coldn 922, Buenos 
Aires, Argentina. • 

O’Leary, Keith, Kennett Square, Penn¬ 
sylvania. 

* Olive, Edgar W., 1704 Hodman Street, 
Hollywood, Florida. 

Olson, Conrad J., Box 230, Barberton, 
Ohio. 

Olson, Edward O., Botany Department, 
Louisiana State University, Baton 
Rouge, Louisiana. 

Orellana, Bodrigro G., Ministerio de 
Agric. y Cria., Dept, de Fitopato- 
logia, Caracas, E. U., Venezuela. 

Orjuela, Juan E., Division of Plant 
Pathology, University Farm, St, Paul 
1, Minnesota. 

Ortega Cantero, Benjamin, Dircccion 
General do Agricultura, c/o Oficina 
de Estudios Especiales, San Jacinto, 
D.F., Mexico. 

Ortega, Ruben, Departamento de Gen^- 
tica, Apartado 660, Maracay, Vene¬ 
zuela. 

*Orton, C. R., Science Hall, West Vir¬ 
ginia University, Morgantown, West 
Virginia. 

Osborn, Herbert T., 75 Highland Ave¬ 
nue, Los Gatos, California. 

^Osrnun, A. V., Clark Hall, Massachu¬ 
setts State College, Amherst, Massa¬ 
chusetts. 

Oswald, John W., Division of Plant Pa¬ 
thology, University Farm, Davis, 
California. 

Ou, Shu-Huang, National Agricultural 
Research Bureau, Ministry of Agri¬ 
culture and Forestry, Shaolingwei, 
Nanking, China. 

Owen, Emily M., c/o General Aniline 
and Film Corp., Easton, Pennsyl¬ 
vania. 


Owen, John H., Plant Pathology De¬ 
partment, University of Wisconsin, 
Madison 6, Wisconsin. 

Oweni^ 0. E., 303 N. 32nd Street, Cor¬ 
vallis, Oregon. 

Paddock, William C., Plant Pathology 
Department, Cornell University, Ith¬ 
aca, New York. 

Padial, Josd A., Lugareno 172 Altos, 
EFqiiina Pozos Dulees, Havana, Cuba. 

Padilla, Ricardo Coronado, Embassy of 
Mexico, San Salvador, Central Amer¬ 
ica. 

Padmanabhan, S. Y., Central Rice Re¬ 
search Institute, P. O. Nayabazar, 
Cuttack (Orissa), India. 

Pady, S. M., McGill University, Daw¬ 
son College P. 0., Quebec, Canada. 

Pal, B. P., Indian Agricultural Re¬ 
search Institute, New Delhi, India. 

Palchefsky, John, 448 N. Garland Ave¬ 
nue, Youngstown 6, Ohio. 

Palmer, Dean F., 402 Civic Center, San 
Diego 1, California. 

Palmer, Hugh 0., 505 W. King Avenue, 
Columbus 1, Ohio. 

Palmer, Jeanne Walther, 474 Upper 
Mountain Avenue, Upper Montclair, 
New Jersey. 

Palmer, Ralph G., 528 Mt. Hope Ave¬ 
nue, Rochester 7, New York. 

Palmiter, D. H., Cottage Road, Pough¬ 
keepsie, New York. 

Pancoast, Harry M., Food Machinery 
Corp., San Jose 5, California. 

Parker, Charles S., 4806 Kenyon Street, 
Seattle 8, Washington, 

Parker, Dorothy, Calle Viena 26, Mex¬ 
ico, D.B’., Mexico. 

Tarker, Kenneth G., Department of 
Plant Pathology, Cornell University, 
Ithaca, New York. 

Parris, G. K., Box 321, Leesburg, 
Florida. 

Patton, Robert F., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Pearso^ Oscar H., South West Street, 
Feeding Hills, Massachusetts. 

Peet, Clyde E., Department of Plant 
Pathology, West Virginia University, 
Morgantown, West Virginia. 

Peklo, Jaroslav, Prague XIT, Chodsia 
311, Czechoslovakia. 

Peltier, George L., Department of Bac¬ 
teriology, University of Nebraska, 
IJncoln 8, Nebraska. 

Percival, W. Clement, Division of For¬ 
estry, West Virginia University, Mor¬ 
gantown, West Virginia. 

Perlberger, Jakob, Agricultural Ex¬ 
periment Station, Jewish Agency for 
Palestine, Rehoboth, Palestine. 
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CULTURE MEDIA FOR FUNGI 


This group of Dehydrated Culture Media, Difeo, is prepared expressly for 
propagation of the fungi most frequently encountered in phytopathological 
studies. Each medium is readily prepared for use and requires no 
adjustment of its reaction or filtration of the solution. 

Bacto-Bean Pod Agar 

Bacto-Corn Meal Agar 

Bacto-Lima Bean Agar 
Bacto-Malt Agar 

Bacto-Potato Dextrose Agar 
Bacto-Prune Agar 

Bacto-Wort Agar 

Bacto-Malt Extract Broth 

INGREDIENTS FOR CULTURE MEDIA 

Each of these Culture Media Ingredients, Difeo, is standardized to meet 
the highest requirements of suitability and usefulness for the purpose for 
which it is to be employed. 

Bacto-Peptone 

Bacto-Tryptone 

Proteose Peptone 

Bacto-Beef Extract 

Bacto-Yeast Extract 

The Dlf'L’U MAJNUAL, containing discussions of our extensive line of 
Dehydrated Culture Media and Ingredients of Culture Media, is available 
upon request. 


Specify "D/fCO" 

THE TRADE NAME OF THE PIONEERS 

In tht Restarch and Development of Bacto-Peptone and Dehydrated Culture Media 


Difco Laboratories 


DETROIT 1, MICHIGAN 



Perry, D. P., 320 Ninth Avenue, Had- 
don Heights, New Jersey. 

Person, L. H., Department of Plant Pa¬ 
thology, North Carolina State Col¬ 
lege, Raleigh, North Carolina. 

Persons, T. D., 245 Shadwell Street, 
San Antonio, Texas. 

Peterson, Allan G., Division of Ento- 
mology. University Farm, St. Paul 1, 
Minnesota. 

Peterson, L. 0., Department of Plant 
Pathology, Cornell University, Ithaca, 
New York. 

Peterson, Paul D., American Fruit 
Growers, Inc., Hagerstown, Maryland. 

Petty, M. A., 120 Old Middletown 
Road, Pearl River, New York. 

Peturson, B., Dominion Ijaboratory of 
Plant Pathology, Winnipeg, Mani¬ 
toba, Canada. 

Phillips, Mrs. W. E., 221 Chatsworth 
Street, Baton Rouge, Louisiana. 

Pierce, W. H., Associated Seed Grow¬ 
ers, Inc., Hamilton, Montana. 

Piersma, S. P., California Packing Co., 
Rochelle, Illinois. 

Pinckard, J. A., Jr., Spring Hill, Ala¬ 
bama. 

Plrone, P. P., New York Botanical Gar¬ 
dens, Bronx Park (Fordham P. 0.), 
Bronx, New York 58, New York. 

Plakidas, A. G., Botany Department, 
Louisiana State University, Univer¬ 
sity, Louisiana. 

Plunkett, Orda A., Botany Department, 
University of California at Los An¬ 
geles, Los Angeles 24, California. 

Poehlman, J. M., Department of Field 
Crops, University of Missouri, Co¬ 
lumbia, Missouri. 

Pomerleau, Rene, 241 Parc Chamj)oux, 
Quebec, P. Q., Canada. 

Pon, D. S., Division of Plant Pathology, 
University Farm, St. Paul 1, Minne¬ 
sota. 

Pontis, Rafael £., Centro Nacional de 
Investigacion de Cafe, Federacion 
Nacional de Cafeteros de Colombia, 
Chinchina, Caldcs, Colombia. 

Pontius, Mrs. Hilda C., 4020 Arkansas 
Avenue, N. W., Washington, D. C. 

Pool, Raymond J., University of Ne¬ 
braska, Lincoln 8, Nebraska. 

Poole, R. P., Clemson College, Clemson, 
South Carolina. 

Pope, Seth, Wyeth Laboratories, 111 
N. High Street, West Chester, Penn¬ 
sylvania. 

Popp, W., Dominion Rust Research 
Laboratory, Winnipeg, Manitoba, 
Canada. 

Porte, William S., Plant Industry Sta¬ 
tion, Beltsville, Maryland. 

Porter, 0. L., 924 N. Main Street, West 
Lafayette, Indiana. 


*Porter, Donald R.,* Campbell Soup Co., 
Box 1406, Sacramento, California. 

Porter, Harold L., 2993 Neil Avenue, 
Columbus 2, Ohio. 

Porter, John H., Lederle Laboratories, 
Inc., Pearl River, New York. 

Porter, R. Howard, Edidcio Jatob^, 
Rue Vieira de Carvalho 44 11 Andar, 
Sao Paulo, Brazil. 

Porter, Richard P., 6315 Gardenia 
Street, Philadelphia 44, Pennsylvania. 

Posey, G. B., 6160 31st Street, N. W., 
Washington 15, D. C. 

Poulos, Panos L., Department of Plant 
Pathology, Wolf Hall, University of 
Delaware, Newark, Delaware. 

Pound, Glenn S., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

*Povah, Alfred H., 143 Elmhurst Ave¬ 
nue, Detroit, Michigan. 

Powell, Dwight, Illinois Agricultural 
Experiment Station, Urbana, Illinois. 

Prasad, Nirankar, Division of Plant 
Pathology, University of California, 
Berkeley, California. 

Pratt, Robert M., Department of Plant 
Pathology, Cornell University, Ithaca, 
New York. 

Presley, John T., Department of Plant 
Pathology, Agricultural Experiment 
Station, State College, Mississippi. 

Price, W. C., University of Pittsburgh, 
Pittsburgh 13, Pennsylvania. 

Prince, Alton £., Department of Bot¬ 
any, University of Maine, Orono, 
Maine. 

Pryor, Dean E., 3628 E. Colorado 
Street, East Pasadena, California. 

Pu, Mu-Hwa, Peiping State, National 
Agricultural Research Institute, Peip¬ 
ing, (.3iiiia. 

Putnam, Henry N., Box 474, Milwaukee 
1, Wisconsin. 

Quanjer, H. M., Institut Voor Phyto- 
puthologie, Wageningen, Holland. 

Racicot, H. N., Division of Botany, Ex¬ 
perimental Farm, Ottawa, Ontario, 
Canada. 

Radebaugh, A. D., Blue Mountain Can¬ 
neries, Dayton, Washington. 

Rader, William E., Shell Agricultural 
Laboratory, Box 1531, Modesto, Cali¬ 
fornia. 

Raeder, J. M., c/o Department of Plant 
Pathology, University of Idtiho, Mos¬ 
cow, Idaho. 

Rainwater, R. Ivan, Box 340, Honolulu, 
Hawaii. 

Raleigh, Walter P., Clyde, Kansas. 

Ramsey, G. B., Barnes Laboratory, 
University of Chicago, 5630 Ingle- 
side Avenue, Chicago 37, Illinois. 
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Randy Frederick V., 1359 Meridian 
Place, N. W., Washington 10, D. C. 

Rands, R. D., Plant Industry Station, 
Beltsville, Maryland. 

’^Rankin, W. H., Department of Agri¬ 
culture and Markets, Bureau of Plant 
Industry, State Office Building, Al¬ 
bany 1, New York. 

^Rawlins, T. E., Division of Plant Pa¬ 
thology, University of California, 
Berkeley 4, California. 

Ray, Charles, Jr., California Central 
Fibre Corp., Pisgah Forest, North 
Carolina. 

Ray, W. W., Department of Botany, 
University of Nebraska, Lincoln 8, 
Nebraska. 

Raychaudhuri, S. P., Indian Agricul¬ 
tural Research Institute, New Delhi, 
India. 

^Reddick, Donald, College of Agricul¬ 
ture, Cornell University, Ithaca, New 
York. 

Reddy, Charles S., Botany Department, 
Iowa State College, Amos, Iowa. 

*Reed, Ceorge M., 25 S. Linwood Ave¬ 
nue, Pittsburgh 5, Pennsylvania. 

Reed, Howard £., Department of Bot¬ 
any, Ohio State University, Columbus, 
Ohio. 

Reed, T. Walter, California Spray 
Chemical Corp., Kressan Road, Tlad- 
donfield. New Jersey, 

Reeves, E. L., Box 99, Wenatchee, 
Washington. 

Reid, David A., Agronomy Depart¬ 
ment, Kentucky Agricultural Experi¬ 
ment Station, Lexington 29, Ken¬ 
tucky. 

Reilly, Joseph J., Division of Plant 
Pathology, University Farm, St. Paul 
1, Minnesota. 

Reinking, Otto A., New York State 
Agricultural Experiment Station, 
Geneva, New York. 

Rettew, O. Raymond, West Chester, 
Pennsylvania. 

Rex, E. O., First Mechanics Building, 
Trenton, New Jersey. 

Reycraft, Jean, 661 McKee Avenue, 
Monessen, Pennsylvania. 

Reynard, George B., Campbell Soup 
Co., Farm No. 1, Research Depart¬ 
ment, Riverton, New Jersey. 

Resmolds, Frank J., 205 West College 
Avenue, Lafayette, Louisiana. 

Reynolds, Harold W., Division of 
Nematology, Plant Industry Station, 
Beltsville, Maryland. 

^Rhoads, Arthur S., William F. Clapp 
Laboratory, Inc., Duxbury, Massa¬ 
chusetts. 

Rhyne, Claude, Department of Agron¬ 
omy, State College, Raleigh, North 
Carolina. 


Rice, William N., A. B. M. Agricultural 
School, Pyinmana, Burma. 

Rich, Saul, The Connecticut Agricul¬ 
tural Experiment Station, P.O. Box 
1106, New Haven 4, Connecticut. 

Richards, B. L., Utah Agricultural Col¬ 
lege, Logan, Utah. 

Richards, B. L., Jr., Pest Control Re- 

■ search Laboratory Experiment Sta¬ 
tion, E. I. Du Pont Co., Wilmington, 
Delaware. 

Richards, C. A., Forest Products Labo¬ 
ratory, Madison 6, Wisconsin. 

Richards, Gerald S., 1910 East 30th 
Street, Tulsa, Oklahoma. 

Richards, M. C., Botany Department, 
University of New Hampshire, Dur¬ 
ham, New Hampshire. 

Rieman, G. H., University of Wiscon¬ 
sin, Madison 6, Wisconsin. 

*Riker, A. J., Department of Plant 
Pathology, University of Wisconsin, 
Madison 6, Wisconsin. 

Ritchie, C. L., Box 340, Honolulu 9, 
Hawaii. 
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Cyamopsis tetragonalobus, 424 
Cypress, 917 

Cyclamen persicuni, petal spot of, 114 
Cytospora Kunzei, on spruce, 307 

2,4-D, injury to cotton, 8, 639 
Dahlia, resistance to spotted wilt, 13 
control of, 314 
ringspot, 467 
Daisy, 26 
Daly, J. M., 7 
Datura metel, 425 
metaloid('s, 

stramonium, 66, 366, 425, 437 
Davidson, R. S., 673 
Davis, David, (10) 

Davis, Spencer 11., 575 
DE Eopp, R. S., 995 
Decker, Phares, 568, 569 
Delphinium ajacis, 66 
Demaree, J. B., 575, 658 
Dendrophoma obscurans, 699 
Desjardins, P. R., (155) 

Dewberry anthracnose, 929 
Devv^ey, D. N., (1021) 

Diachitn, Stephen, 7 
Diaporthe, 262 

batatatis, causing stem rot of sweet po¬ 
tato, 576 

5.7- dibromo 8-qiiinolinol (See Fungicides) 
2,3-dichloro-l,4-naphthoquinone (See Fun¬ 
gicides; Phygon) 

5.7- dichloro 8-quinolinol (See Fungicides) 
Dickson, J. G., (25), (969) 

Dieouez C., Javier, (755) 

Digitaria, 529 
sanquinalis, 22 

Dimethylglyoxime (See Fungicides) 
Dimock, A. W., 7, 313 


Dimond, Albert E., 7, 313, (671) 
5,7'dinitro 8 quinolinol (See Fungicides) 
Diospyros kaki, 153 
virginiaiia, 153 
Diphenyl, 1016, 1021 
Diplocarpon rosae, 313 
carliana, 929 

Diplodia ear rot of corn, 27 
zeae, 22, 932 

Disodiurn ethylene bisdithiocarbainate (See 
Fungicides; Dithane) 

Dithane (See Fungicides) 

Dilliiocarbaniates (See Fungicides) 
1,4-dithio-cyano-butcnc, 19 
Ditylenchus sp., 523, 537 
and root rot, 14 
DN-111 (Sec ihnigicides) 

Dodder, 916 

transmission ol virus, 576 
Dogwood, twig blight, control with fungi¬ 
cides, 575 

Dolichos biflorus, 424 
Dorylaimus obscurus, 616 
monohystera, 616 
simplex, 616 
Dothidella ulei, 157 

Dow compounds (Se^' Fungicides and In¬ 
secticides) 

Downy mil(l(‘w, control of with fungicides, 
13,‘l9, 315 

DU Charme, E. P., (13) 

Dunegan, John C., (581) 

Dunlap, A. A., 8, 638 

Du Pont 1451-D (See Fungicides) 

Dutch elm disease, 7, 85 

Early blight, of tomato, control with fungi¬ 
cides, 6 

Eck, Richard V., (852) 

Eddins, a. H., 578 
Eggplant, 257 

resistant to Phomopsis blight, 569 
Eisenstark, A., (26), (907) 

Elgctol (See Fungicides) 

El-TTelaly, A. F., 161, 688 
Elliott, Edw \rd S., 8 
Elm, 7, 85, 371 

infection by Ccratostomella, 2 
Elymus canadensis, 9 

eXcolsus, Gloeosporium on, 133 
Elsinoe, 2 
veneta, 929 
Empoasca copula, 225 
erigeron, 225 
fabae, 225 

Engytatus tenuis, as vector of tomato leaf 
curl, 365 

Entomophthora coronata, parasitic on 
aphids, 120 

Entomosporium maculatum, control with 
fungicides, 575 

thuemenii, control with fungicides, 575 
Erole, David R., 142 
Ergot, of bahia grass, 556 
Erodium moschantum, 437 
Erwinia amylovora, 903, 908 
aroideae, 680 
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carnegieana, causing necrosis of cactus, 3 
carotovora, 680 
pliytophthora, 680 
solanisapra, 680 

Eryngium aquatica, viruses of, 15 
Erysiphe ciclioracearum, 1027 
graminis, 920 
graminis hordei, 25, 914 
polygon!, resistance to in pea, 21 
Erythroneura torella, 225 
Escherichia coli, 26, 72, 680, 903 
Ethyl mercury chloride (tSec Fungicides; 
Ceresan) 

Ethyl mercury p-toluene sulfonanilidc (See 
Fungicides; l)u Pont 1451-0) 

Ethyl mercury phosphate (See Fungicides; 

New Improved Ceresan) 

Ethylene chlorobromide, 845 

Eutettix tenellus, 436 

Exosporina fawcetti, on grapefruit, 913 

Fagopyriim esciilentum, 424 
Fang, C. T., (331), (587) 

Feldman, A. W., 8, (137) 

Formate (See Fungicides) 

Ferric dimethyldithiocarbamate (See Fun¬ 
gicides; Ferniate) 

Fescue (See Grasses) 

Felix, E. L., 569 
Fellows, Hurley, (12) 

Fertilizers, in relation to, soft rot of po¬ 
tato, 677 
root rot, 525 
sugar beet root rot, 890 
wheat flag smut, 692 
wheat stem rust, 167 
Ficus carica, 153, 707 
Fig, leaf spots, 707 
canker, 914 
Filarec, 437 
Fink, Harry C., 9 
Fischer, George W., 9 
Flax, 919 

curly top, 1001 
rust, 18 

seed treatment of, 16, 17, 38 
Fluorine, in relation to marginal scorch, 30 
Formaldehyde, 40, 408 
Formalin (See Fungicides) 

Fortunella, 912 
Fragaria ananassa, 989 
virginiana, 425 
rreon-12 (See Fungicides) 

Frijol (See Bean) 

Fulton, Joseph P., 235 
Fulton, Eobert W., 421 
Fungicides (See also Seed Treatment) 

337 (l-hydroxyethyl-2-heptadecyl glyox- 
alidine), control of pecan scab, 108 
341 (2-heptadecyl glyoxalidiuo), control 
of pecan scab, 11, 108 
effect on apple yield, 315 
806 (phenyl mercury compound), control 
of apple scab, 313 
acetic acid, 475 
Adbac, 1015 
aerosols, 6 


Agrosan G., 695 
air blast application of, 315 
alkyl dimethel benzyl ammonium chloride, 
914 

Amberine, 162 
antibiotics as sprays, 16 
Arasan (tetramethyl thiuram disulfide), 
contiol of narcissus basal rot, 17 
control of shallot white rot, 391 
flax seed treatment, 803 
okra seed treatment, 103 
onion setd treatment, 219 
ryegrass seed treatment, 408 
soybean seed treatment, 197, 571 
tomato seed treatment, 916 
Barbak D (mercuric phenyl cyanamide), 
control of shallot white rot, 391 
benzoic acid, 1021 

Bioquin (copper 8-quinolinolate), con¬ 
trol of apple rust, 11 
Bioquin 1, 18 

control of tree diseases, 575 
Bioquin 100 (zinc 8-<}mnolinolatc), 18 
Bioquin 300 (magnesium 8 quinolino- 
late), 18 
Borax, 475 

Bordeaux, 19, 27, 410, 695, 741, 872, 921 
control of begonia bacteriosis, 17 
onion mildew, 572 
pecan scab, 107, 552 
snapdragon rust, 7 
tree diseases, 575 
wheat stem rust, 162 
injury to grape, 458 
boric acid, 1021 

Bouisol, control of wheat stem rust, 162 
cadmium compounds for control of turf 
disease; 22 

calcium hypochlorite, 475, 1021 
carbon dioxide, 1021 
Ceresan (ethyl mercury chloride), con 
trol of narcissus basal rot, 17 
okra seed treatment, 103 
Ceresan-M (ethyl mercury p toluene sul 
fonanilide), 981 
Chloramine, 1021 
chromates as fungicides, 27 
COCS, onion mildew control, 572 
COC8 65, control of pecan scab, 107 
configuration in relation to toxicity, 1 
Coposil (coppcrsilicates) pecan scab con¬ 
trol, 107 

copper, yield response to, 576 
onion mildew control, 572 
Copper A., 921 
pecan scab control, 108 
copper carbonate, 695 

control of strawberry rot, 569 
copper 5,7*dibromo 8-quinolinol, 741 
copper 5,7-dichloro 8-quinolinolate, 741 
copper hydro (copper basic salts), con¬ 
trol of pecan scab, 107 
copper-lime-arsenite, 872 
copper oxalate, control of pecan scab, 107 
copper oxide, 410 
copper oxychloride sulfate, 107 
copper-oxy quinoline, 1021 
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copper phosphate, control of pecan scab, 
107 

copper-8-quinolinolate, 1, 741 
control of apple scab, 313 
effect on apple yield, 315 
mechanism of action, 10 
copper resinate, rust control, 544 
copper sulfate, 410, 095 
adaptation to, 17 
mechanism of action, 10 
copper zinc chromates, 27 
Cnprinol, control of molds on stored 
apples, 1 

Cuprocide (red copper oxide), 19 
control of pecan scab, 107 
okra seed treatment, 103 
Cuprocide 54Y, control of pecan scab, 107 
Ciipro-K, control of pecan scab, 107 

5.7- dibromo 8-(piinolinol, 741 

5.7- dichloro 8-quinolinol, 741 
dimethyl^lyoxinie, as antisporulant, 22 
5,7'dinitro 8-(punolinol, 741 

mechanism of action, 10 
diphenyl, 1021 

Dithane (disodium ethylene bisdithio- 
carbamate), 27 
control of pecan scab, 108 
Dithane D-14, 13, 475 

control of strawberry fruit rot, 569 
onion mildew, 572 
Dithane HE-178, 19 
Dithane Z-78, 13, 475 
control of apple scab, 314 

lima bean stem anthracnose, 7 
dithiocarbamatea, 914 
yield response to, 576 
DN-111 (dicyclohexybamine of dinitro- 
orthocyclohexylphenol), 11 
effect on apple yield, 315 
Dow 606 (zinc dimethyl dithiocarba- 
mate), 19 

Dow 608 (amine salt of tetrachlorphe- 
nol), 19 

Dow 612 (1,4-dithio-cyano-butene), 19 
Dow 9R, 981 

Dowfumo G (methyl bromide), 38 
Dowicides, control of molds on stored 
apples, 1 

Dowicide A (sodium o-phenyl phenate), 
475 

Dowicide B (2,4,5-trichloro phenol), 475 
Dowmike sulfur, 18 
Dubay 1452F, flax seed treatment, 803 
Du Pont 1451-D (ethyl mercury p-toluene 
sulfonanilide), 82 

Elgetol (sodium dinitro-ortho-cresol), 
475, 872 

ethyl mercury chloride, for sugar beet 
seed, 9 

Fermate (ferric dimethyl dithiocarba- 
mate), 13, 18, 410, 872, 917 
control of apple rust, 11 
apple scab, 314, 315 
Lima bean stem anthracnose, 7 
pecan scab, 107 
strawberry rot, 569 
tree diseases, 575 


effect on apple yield, 315 
okra seed treatment, 104 
onion mildew control, 572 
field assay of, 14 

Formaldehyde, seed treatineiit of rye¬ 
grass 408 
Formalin, 695 

control of shallot white rot, 389 
Freon-12, 6 
Germisan, 695 

Good-rite P.E.P.S. (polyethylene poly- 
sulfide), control of apple scab, 314 
effect on apple yield, 315 
8-hydroxyquinoline, 475 
iron dithiocarbamates, yield response to, 
576 

iron 8-quinolinolate, 741 
Iscobrome, 38 

Isothan Q15 (lauryl isotpiinolinium bro¬ 
mide), 410, 475 
control of pecan scab, 108 
mechanism of action, 10 
Kolodust, control of wheat stem rust, 162 
Kolofog, control of wheat stem rust, 162 
Lime-sulfur, 19, 410, 544, 695 
control of apple rust, 11 
wheat stem rust, 162 
onion mildew, 572 
mechanism of action, 10 
magnesium 8-quinolinolate, 18, 741 
Magnetic ^^70^^, control of apple scab, 
314 

manganese ethylene bisdithiocarbamate, 
13 

control of apple scab, 313 
manganese 8-quinolinolate, 741 
mercuric chloride, 475 
soil treatment, 410 

mercury compounds for control of turf 
diseases, 22 

Mersolito 8 (phenyl mercuric acetate), 
control of narcissus basal rot, 17 
Merthiolate, 1021 
methyl bromide, 38 

micronized sulfur, control of apple scab, 
314 

effect on apple yield, 315 
Mycoban (sodium propionate), control 
of strawberry fruit rot, 569 
Mycotox, 315 

New Improved Ceresan (ethyl mercury 
phosphate), 197 

control of narcissus basal rot, 17 
flax seed treatment, 17, 803 
okra seed treatment, 103 
ryegrass seed treatment, 408 
tomato seed treatment, 916 
nitrodithioacetates, 19 
nitrogen trichloride, for control of lemon 
decay, 1016 
Onyx DL-1, 315 
oximes, as antisporulants, 22 
ozone, 1021 

Parzate( zinc ethylene bisdithiocarba¬ 
mate), 13 

for control of snapdragon rust, 7 
tree diseases, 675 
turf disease, 22 
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Phenols for cotton seed treatment, 979 
Phygon (2,3-dichloro-l,4-napthoquinone), 
18, 475 

colorimetric determination of, 665 
control of apple rust, 11 
apple scab, 313 

Lima bean stem anthracnose, 7 
molds on stored apples, 1 
onion mildew, 572 
pecan scab, 108 
strawberry rot, 569 
effect on apple yield, 315 
okra seed treatment, 104 
PMAS (phenyl mercury salt), control of 
apple scab, 313 
Potat-O-Dip, 475 

polyethylene polysulfide, control of pecan 
scab, 108 
Puratized, 18 

control of tree diseases, 575 
Puratized 177 (para amino phenyl 
cadmium dilactate), 475 
Puratized Agricultural Spray (phenyl 
mercury tricthanol ammonium lac¬ 
tate), control of apple rust, 11 
apple scab, 313 
narcissus basal rot, 17 
effect on apple yield, 315 
Puratized N5D (phenylmercuritriethanol 
ammonium lactate), 475 
onion mildew control, 572 
Puratized N5E, 475 

control of pecan scab, 108 
Puraturf, 410 

Purex, seed treatment of ryegrass, 408 
quinolines, as antisporulants, 22 
8-quinolinol, 741 
8-quinolinol benzoate, 7 
sulfate, 741 

mechanism of action, 10 
Boccal, control of molds on stored ap¬ 
ples, 1 

Secdox (2,4,5-trichlorophenyl acetate), 
981 

Semesan (hydroxymcrcurichlorophenol), 
410 

control of shallot white rot, 389 
okra seed treatment, 103 
ryegrass seed treatment, 408 
Semesan Jr., 82, 

flax seed treatment, 803 
silver nitrate, control of molds on stored 
apples, 1 

sodium arsenate, 410, 917 
sodium bisulphite, 102] 

chlororthophenylphenate, 914 
hypochlorite, 1021 
metaborate, 1021 
pentachlorophenate, 919 
polyphosphate, control of pecan scab, 
107 

sulfide, rust control, 544 
tetraborate, 1021 

specificity of, for turf diseases, 22 
Spergon (tetrachloro parabenzoquinone), 
control of narcissus basal rot, 17 
onion mildew, 572 
strawberry rot, 569 


determination on seed, 299 
flax sed treatment, 803 
okra seed treatment, 103 
peanut seed treatment, 18 
ryegrass seed treatment, 408 
soybean seed treatment, 197, 571 
Spergonex, control of molds on stored 
apples, 1 

okra seed treatment, 103 
sulphur, 19, 410, 695, 914 
control of pecan scab, 107 
rust, 162, 544 
sulfur dioxide, 1021 
Sulsol, control of wheat stem rust, 162 
Tenn. copper 53, control of pecan scab, 
107 

Tersan (tet ram ethyl thiuram disulfide), 
onion seed treatment, 219 
Thiosan (tetramethyl thiuram disulfide), 
control of molds on stored apples, 1 
Thiourea, 475 

tribasic copper sulfate, 19, 314, 570 
control of Lima bean stem anthrac- 
nosc, 7 

pecan scab, 107 
strawberry fruit rot, 569 
injury to grape, 458 
okra seed treatment, 103 
2,4,5-trichlorophenol, esters of, 1 
trichlorophenols for cotton seed treat¬ 
ment, 979 

Troy Flotation sulfur, control of apple 
scab, 314 
Uspulun, 695 

Yellow copper oxide, control of pecan 
scab, 107 

Yellow cuprocide, injury to grape, 458 
ryegrass seed treatment, 408 
Zeolite (sodium silicate), control of 
pecan scab, 107 

Zerlate (zinc dimethyldithiocarbamate), 
13, 921 

control of Lima bean stem anthrac¬ 
nose, 7 

onion mildew, 572 
tomato disease, 314 
tree diseases, 575 

zinc dithiocarbamates, yield response to, 
576 

zinc oxide, okra seed treatment, 103 
zinc 8-quinolinolate, 741 
zinc sulfate, 13 

control of pecan scab, 108 
Fusaria, nonsusceptiblo hosts for, 808 
Fusarial wilt of tobacco, resistance to, 27 
Fusarium, 22, 23, 28, 91, 140, 372, 538, 759, 
888, 903, 918 

and sugar beet root rot, 205 
apii, 71 

avenaceum var. fabae, causing wilt of 
broad bean, 331 
bulbigena, 71 

bulbigenum var. niveum, 13 
control by soil fumigation, 38 
eumartii, 761 

graminearum, development of, 595 
hyperoxysporum, 70 
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identification and classification of, 23 
lateritium, 572 
lycopersici, 670 
moniliforme, 820 
orthoceras, 92 
var. jfladioli, 576 

var. lathyri n. var., causing lang wilt, 
565 

oxysporum, 761 

causing end rot of sweet potato, 576 
causing wilt of sumac, 572 
hosts of, 812 
f. batatas, 812 
f. fabae n.f., 590 
f. mathioli, 402 

f. narcissi, control with fungicides, 17 
f. vasinfectuui, 943 
var. gladioli, 576 
var. nicotianae, toxins of, 292 
roseum, 441, 820 
solan! f. fabae n.f., 587 

Gallegly, M. E., 9 
Ganoderma, 49 

Garden stock, Fusaritim wilt of, 399 
Gardenia jasminoides, control of nema¬ 
todes, 845 
root knot of, 577 
Garlic, 378 

Genetics of microorganisms, bean rust, 914 
Ceratostomella fimbriata, 20 
Cladosporium fulvum, 2 
Diaporthe phaseolorum var. batatatis, 
636 

var. sojac, 635 
Glomerella, 28 

Hedminthosporium sativum, mutation in, 
5 

Hypoinyces solani f. cucurbitae, 915 
Phytopiithora, oospore i)roduction, 2 
Puccinia graminis, 24 
Sclerotinia fnicticola, 17 
cepivorum, 381 

Ustilago spp., hybridization of, 9 
Genicidc, 11 * 

Center, C. P., (572) 

Geranium, 851 
sanguineum, 285 
Germisan (See Fungicides) 

Geum, 425 

Gibberella zeae, 574, 903, 932 
development of, 595 
effect of 2,4-D on, 1038 
sporulation of, 1 
Giddinqs, N. J.,*934, 1001 
Gill, D. L., 575 
Gilman, Joseph C., (628) 

Gladiolus, aster yellows on, 581 
Botrytis on, 752 
Fusarium on, 576 
smut, 922 
virus of, 574 

Gleosporium apocryptum, control with 
fungicides, 575 

fructigenum, control with fungicides, 575 
Gliocladium aureum n. sp., 440 
Gloeocercospora sorghi, 22 


Gloeosporium bolleyl n. sp. on grasses, 135 
perennans, 914 
Glomerella, 262 
cingulata, 22, 568, 900 
control of, 16 
on sour cherry, 20 
genetics of, 28 
Glycine max, 285, 793 
Gnomonia, 703 

ovata, control with fungicides, 575 
Godfrey, G. H., (1016) 

Gomphrena globosa, 28 
Good-rite P.E.P.S. (See Fungicides) 
Goose-foot, 427 
Gorpjnz, a. M., 9, 831 
Gossypiiim (See also Cotton) 
barbadense, 974 
herbaceum, 563 
hirsutum, 285 
Gottlieb, Bavid, 10 
Gould, C. J., (85) 

Graham, J. IL, (570), (571) 

Gram, 563 

Granovsky, A. A., 10 
Grape, 529 
arsenite injury, 917 
berry moth, 457 
black rot of, 716 
Botryosphaeria on, 261 
copper injury, 457 
Grapefruit, root rot of, 46 
branch blight, 913 
Graphocephala coccinca, 225 
Grasses, bahia, ergot and sterility, 556 
bent, 91 

brome, Gloeosporium on, 132 
crab, 529 
fescue, 91 

pigeon, Gloeosporium on, 133 
red top, 25 
ryegrass, 91, 186 
blind seed disease, 404 
Sudan, 3 

timothy, stripe smut of, 158 
turf, control of disease with fungicides, 
22 

wheat grass, Gloeosporium on, 133 
wildrye, Gloeosporium on, 133 
Grevney, F. j., (803) 

Green, Phoebe A., (15) 

Grogan, Kay G., 10 

Groves, A. B., 11 

Growth regulators, 913 

Growth substances and crown gall, 26 

Guar, 919 

diseases of, 918 
Guavas, root rot of, 46 
Guignardia bidwellii f. envltis f. nov., 722 
f. parthenocissi f. nov., 722 
Gum flow of pine, 572 
Gymnosporangium clavipcs, 575 

Hadrotrichum populi, 2 
Hagedorn, D. j., 11 
Hahn, Glenn Gardner, 453 
Hairy vetch, 337 
Hansen, H. N., 23, (114) 
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Hansing, E. 13., 12 
Hamilton, J. M., 313 
Hampton, Jack E., 11 
Hvrdison, John E., 404 
Hare, Woodrow W., 12 
Harrar, J. G., 12 
Harris, M. E., 114 
Hatfield, W. 0., 12 

Hawthorn, leaf blight, control with fungi¬ 
cides, 575 
Hebert, T. T., 569 
Hedera helix, 285 
Hedge mustard, 423 
Hedychium coronarium, 231 
Hedysarum coronarium, 424 
Heiberg, B. C., (22), 343 
Hein, Edith M., (15) 

Helianthus annuus (See Sunflower), 993 
Helminthosporium, 22 
carbonum, 572 
gramineum, 1, 915 
hevcac, 1025 
maydis, 933 
sativum, 22, 574, 903 
mutation in, 5 
resistance of barley to, 1 
victoriac, effect of 2,4-D on, 1038 
resistance to, 568 
sporulation of, 8 
Henderson, E. G., 570 
Hendrix J. W., 13, (312) 

Henry, B. W., 265, (574) 

2-heptadecyl glyoxalidino (See Fungicides; 
341) 

Hepting, George IT., 13, (572) 

Herbicides, 2,4-D, 916 
effect on citrus, 915 
effect on fungi, 
injury to cotton, 8, 638 
Hervey, G. E. B., 314 
Hesperis matronalis, virus of, 21 
Heterodera marioni, 480, 845, 918, 943 
on gardenia, 577 
schachtii, 616 

Heuberger, j. W., 13, 576 
Hevea brasiliensis, bird^s eye spot, 1027 
leaf blight, 157 
Hexaethyltetraphosphate, 11 
Hibiscus, 424 

cannabinus, leaf spot of, 503 
esculentus, 424, 504 
sabdariffa, leaf spot of, 503 
Hickory leaf spot, control with fungicides, 
575 

Hodgson, Eol\nd, 13 
Hollis, John P., (25), 761, (961) 
Holmes, Francis O., 13, 312, 314, 467 
Holt, Betty, (213) 

Hooker W. J., 14 
Hoppe, P. E., 82 
Hordeum (See also Barley) 
brevisubulatum, 134 
vulgare, 285 

Horn, Norman L., 576, 827 
Horsetail beefwood, 47 
Horsfall, James G., 14, (22) 

Hough, L. F., (23) 


Hovey, Charles, 507 
Howard, F. L., (315) 

Huber, Glenn A., 85 
Humidity, effect on spore viability, 574 
l-hydroxyethyl-2-heptadecyl glyoxalidine 
(See Fungicides; 337) 

Hydroxymercurichlorophenol (See Fungi¬ 
cides; Semesan) 

8-hydroxy quinoline (See Fungicides) 
Hypomyces solan! f. cucurbitae, 915 

Ikeda, W., (312) 

Illinoia pisi, vector for viruses, 11 
Insecticides, benzene hexachloride, 19, 537 
Black Leaf, 155, 458 
DDT, 11, 19, 27, 526, 537, 570, 572 
for control of carrot yellows, 314 
diseases of ornamentals, 313 
Eotenone, 313 

Insects, aphids, 62, 106, 118, 225, 231, 311, 
433, 506, 574, 841, 849 
aphids, parasitized by a phycomycete, 118 
grai)e berry moth, 457 
in relation to jiurple-top of potatoes, 10 
leaf hoppers, 2, 314, 582, 935 
thrips, 468 

Insects as vectors, aphids, 62, 311, 506 
bacterial necrosis of cactus, 3 
clover viruses, 2 
lily viruses, 841 
mild streak of raspberry, 225 
pea viruses, 11 
sugar beet yellow-net, 433 
tomato leaf curl, 365 
Icafhoppers, 582 
carrot yellows, 314 
clover club leaf, 2 
thrips tabaci, 28 
Interna r necrosis of potato, 20 
lodanihus pinnatifidus, 424 
Ipomoea, 575 
purpurea, 437 
Iris, mosaic of, 574 

Iron dithiocarbamate (See Fungicides) 
Iron 8-quinolinolate (See Fungicides) 
Iscobrome, 38 
Isothan (See Fungicides) 

Italian prune (See Prune) 

Jackson, L. W. E., 1029 
Jeffers, W. F., 228, (576) 

Jehle, E. a., 925 
Jenkins, Ann\ E., (2), 925 
Jenkins, Wilbert A., 14, 15, 519, 528 
Jensen, D. D., (312) 

Jimson weed, 437 
Johnston, C. O., (12) 

Johnson, Folke, (30) 

Johnson, James, 15 
Juglans hindsii, 152 
regia, 152, 285 

Kalanchoe, 575 
crown gall studies, 3 
Keitt, G. W., (16), (857), (899) 

Kenaf, leaf spot of, 503 
Kendrick, J. B., 247 
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Kephart, Joyce E., 581 
Kernkamp, M. E., 956 
Kevorkian, Arthur G., 1027 
Khan, Inam U., 757 
Kincud, Eandall E., 570 
Kohlrabi, 960 
bacteria of, 25 
Kolodust (See Euiigicides) 

Kolofog (See Fungicides) 

Kreitlow, K. W., 15, 158 
Kudzu, angular leaf spot of, 348 

Lactuca (Sec also Lettuce) 
sativa, 66, 424 
var. romana, 437 
Ladino clover (See Clover) 

Lang, Fiisarium wilt of, 560 
Large, John E., 359, (658) 

Langford, Arthur N., 16 
Larson, E. IT., (9), (28), (831) 

Late blight, 575 
forecasting of, 6 
of potato, 26 

control by fungicides, 27 
of tomato, 314 
Lathyrus hirsutiis, 11 
odoratus, 563 
sativiis, wilt of, 560 
Laurel, leaf and twig blight, 912 
Lauryl isoquinolinium bromide (See Fungi¬ 
cides; Isothan) 

Le\ch, J. G., (27) 

Leaf rust (See Eust) 

Lear, IL, (19), (38) 

IjEben, Curt, 16, 899 
Leding, a. E., 975 
TiEE, CiiiN-iiow, (1032) 

Lefebvre, C. L., (197), (556) 

Lehman, S. G., 570, 571 
Lemon, control of fruit decay, 1016 
dry bark, 913 
sieve tube necrosis, 918 
Leonard, O. A., (571) 

Lepyronia (jiiadrangularis, 225 
Lespedeza stijiita, 731 
Lethiim aiistraliense, 467 
Jjcttuce (See Lactuca) 
big vein, 612 
Leukel, E. W., (197) 

Lightle, Paul C., 580 
Ligustrum lucidum, 11 
Lilium candidum, 841 
formosanum, 841 
leaf rot and spot, 752 
longiflorum, 841, 849 
tigrinum, 841 
Lily (See Lilium) 

Limber, Don\ld P., 922 
Lime, 56 

Lime-sulfur (See Fungicides) 

Linder, J. C., (312) 

Linn, M. B., 218 
Linum (See also Flax) 
flavum, 1002 

grandiflorum var. rubrum, 1002 
lewisii, 1002 
perenne, 1002 
usitatissimum, 999 


Tattle (dierry disease, transmission of, 2 
Locke, S. B., 937 
Loegering, W. Q., (24) 

Lolium perenne, blind seed disease, 404 
Lowther, Conley V., 310 
Lucas, G. B., 16, 571 
Lupine, 372 

blue, anthraenose of, 568 
Lupinus albus, 372 
angustifolius, 731 
luteus, 731 

Luttrell, F. S., 263, (348), 716 
Lychnis alba, 424 
Lycium chinense, 930 
halimifolium, 425, 930 
Tjyco])crsicon (See also Tomato) 
chilensc, 29 

esculentum, 11, 16, 66, 247, 285, 425, 437, 
467, 731, 796, 851, 852, 918, 940 
glandulosuni, 940 
hirsutum, 2, 940 
var. glabratum, 2 
pervianum, 940 
pimpinellifolium, 2, 16, 918, 
obliiieatus, 10 

Machacek, j. E., 16, 17, 803 
Mack, G. L., 314 

Ma(’Li AN, Neil Allan, 157, 753 
Macroi)homa, 912 
on grape, 261 

Macrophomina phascoli, 538 
Macrosiphum ambrosiae, 225 
pisi, 225 
solanifollii, 118 

as virus vector, 507 
Maerosporium, 91, 372, 820, 903 
and sugar beet root rot, 205 
Macrosteles divisus, 10, 314 
as virus vector, 582 
Mader, E. O., 17, 137 

Magnesium 8-quinolinolate (See Fungi¬ 
cides) 

Magnetic ^ ‘ 70 ’ (See Fungicides) 

Maize, seed treatment of, 299 
Malus, spp., resistant to apple scab, 23 
Manganese ethylene bisdithiocarbamate 
(S(*e Fungicides) 

Manganese 8-quiiiolinolate (See Fungi¬ 
cides) 

Ma]>le anthraenose, control with fungi¬ 
cides, 575 

Marginal scorch of prune, 30 
Marigold, 26^ 437 
Marmor laesiofaciens, 213 
tabaci, 852 

tritici var. fulvuin, 1003 
var. typicum, 1003 
upsilon, 930 

Marsden, David H., 308 
Mason, Curtis L., 740 
Martin, W. J., 158, (474) 

Mathiola incana, 285 
Fusarium wdlt of, 399 
Matsumoto, T., 1032 
McClellan, W. D., 17, 576 
McDonough, E. S., 17 
McKinney, H. H., 1005 
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McNew, G. L., (299), (665) 

McWhorter, F. P., (89), (893) 
Mealybugs, effect on pineapple, 645 
Mcdicago sativa (See Alfalfa) 

Melampsora lini, factors affecting, 18 
Melanconium fulgincum, 262 
Melanocallis caryaefoliac, 106 
Melilotus (Sec also Clover) 
alba, 11, 424, 731 
officinalis, 11, 424, 731 
virus on, 16 

Mercuric chloride (See Fungicides) 

Mercury phenyl cyanamide (Sec Fungi¬ 
cides; Barbak B) 

Mercury compounds (Sec Fungicides) 
Meredith, Clifford H., 17 
Mersolite 8 (See Fungicides) 

Merthiolatc, 1021 
Merteiisia virginica, mosaic of, 62 
Metal reagents, as antisporulants, 22 
Methyl bromide (See Fungicides and In¬ 
secticides; Dowfume G) 
for fungus control, 38 
Mexican clover, host for Fusarium, 810 
Microascus trigonosporus, 968 
Microcitnis australaaica, 912 
Micrococus lysodeikticus, 78 
pyog^*Rt*8 var. aureus, 903 
Mieronized sulfur (See Fungicides) 
Middleton, G. K., (569) 

Mild streak of black raspberries, 222 
Mildew, downy, control with fungicides, 13 
onion, 19 

control with fungicides, 572 
powdery, of barley, 25 
of currant, 455 
of pea, 21 
on wheat, 569 
Miller, 11. J., (932) 

Miller, Lawrence T., 18 
Miller, P. W., 89, 893 
Miller, V. L., 30 
Mills, W. D., 314 
Mimosa, fusarial wilt of, 13 
host for Fusarium, 810 
Mint rust, 542 
Mirabilis jalapa, 424 
Miris dolabratus, 10 
Misra, a. P., 18 
Mites, 157 
Monilia laxa, 919 
Moore, M. B., 18 
Morgan, Omar D., 18 
Morgan, T. L., (574) 

Morning glory, 437 
Morofsky, W. F., (19) 

Moth, grape berry, 457 
Mucors, 538 
Mucor hiemalis, 448 

plumbeus, control of on stored apples, 1 
racemomus, control of on stored apples, 1 
Muhlcnbergia japonica, Gloeosporium on, 
133 

Muncie, J. H., 19 
Munnecke, Donald, 19 
Murakishi, Harry, (13) 

Musa cavendishii, 231 
textilis, 231 


Muskmelon, curly top, 934 
Mycosphaerclla on, 5 
wilt of, 13 
Mustard, 893 
hedge, 423 
yellow, 437 

Mutation (See Genetics) 

Mycobacterium phlei, 78 

tuberculosis var. hominis, 78 
My coban (See Fungicides) 

Mycosphaerclla citrullina, 5, 903 
fragariae, 929 
races of, 988 

pueraricola, sp. nov. on kudzu, 350 
Mycotox (See Fungicides) 

Myxosporium, 575 
Myzocallis punctatellus, 225 
Myzus circumilexus, 843 
convolvuli, 118, 849 
persicae, 62, 118, 231, 574, 841 
virus vector, 312, 507 

Narcissus basal rot, cofttrol by fungicides, 
17 

Neal, D. C., 571 
Necrosis, in tomato hybrids, 16 
Necrotic ring spot of sour cherry, 776 
Nelson, Kay, 19 
Nomatocides, allyl bromide, 23 
DI), 19, 23, 620 

control of tobacco nematodes, 570 
Dowfume W-10, 573 
effect on soil fungi, 38 
ethylene bromide, 19, 23 
ethylene chlorobromide, 577, 845 
ethylene dibromide, 621 

control of tobacco nematodes, 570 
Iscobrome D, 23 
methyl bromide, 38 
trimethylene bromide, 23 
Nematodes, 154, 157 
and root rot, 14, 522 
citrus-root, 912 
control of, 19 
gardenia root-knot, 845 
golden nematode of potato, control of, 23 
in relation to big vein of lettuce, 612 
of boxwood, 577 
of gardenia, 577 

meadow nematode, and brown root rot 
of tobacco, 529 
root knot, 19, 480 
Nepeta cataria, 424 
Neurospora crassa, 903 
New Improved Ceresan (See Fungicides) 
Newhall, a. G., 19, 38, (218) 

Nicandra physaloides, 425 
Nichols, L. P., (13) 

Nicotiana (See also Tobacco) 

glutinosa, 20, 28, 62, 367, 467, 852, 930 

longiflora, 5 

paniculata, 852 

repanda, 62 

rustica, 7, 20 

sylvestris, 66, 367 

tabacum, 20, 28, 62, 366, 437, 796, 852 
Nienow, Inez, 62 
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Nigrospora oryzae, 933 
sphaerica, 903 

Nitrodithioacetate (See Fungicides) 
Nitrogen trichloride, 1016, 1021 
Noduiation, and seed treatment, 18, 956 
Nutrition, in relation to bean blight, 315 
beet root rot, 4 
tomato bacterial wilt, 9 
fusarial wilt, 670 
wheat powdery mildew, 569 
stem rust, 7 
of cotton, 571 
Nyssa sylvatica, 575 

Oak, 47, 110 
Oats, 4, 24, 593, 968 
Actinomyces on roots, 14 
resistant to disease, 12, 568 
root rot, 15, 519 
rust, crown, 12 
stem, 12, 24 
smut, 12 

victoria blight, 12, 568 
Oenothera biennis, 424 
Okra, 504 

host for Fusariuni, 809 
seed treatment of, 102 
Olive, L. S., (707) 

Olson, E. O., 20, (474) 

Onion, 91, 378 
black mold, 12 

downy mildew, controlled by fungicides, 
19,‘ 572 
neck rot, 12 

Ijink root disease, 9, 29, 831 
Pythium seedling and root rot, 29 
seed treatment, 218 
smudge, 12 
smut, 218 
thrips, 28, 468 
Onyx DL-1 (See Fungicides) 

Ophiobolus graminis, effect of cereal rota¬ 
tion, 24 
Orache, 437 

Orange, root rot of, 46 
sweet, root rot of, 47 
Ormathodiuin flei sp. nov., causing leaf 
spot of fig, 711 
Ortega, B., (22) 

Oswald, Joun W., 20, (24) 

Overwintering, of Colletotrichum phomo- 
ides, 253 

Fusarium avenaceum var. fabae, 339 
Owen, J. IL, (12) 

Oximes (See Fungicides) 

Oxygen requirements of Fusaria, 761 
Ozone, 1021 

Pak-choi, 437 
Palmiter, D. H., 20, 315 
Panagrolaimus, 537 
subelongatus, 523, 616 
Pansy scab, 925 
Papaver rhoeas, 285 
Papaya, ringspot of, 310 
Papulospora, 888 


Para amino phenyl cadmium dilactate (See 
Fungicides; Puratized 177) 
Paraphelenchus pscudoparietinus, 523 
Paratylenchus macrophallus, 616 
Parker, K. G., (20) 

Parris, G. K., 480 
Parsnip, 444 

Parthenocissus quinquefolia, black rot of, 
716 

tricuspidata, 718 
Parzate (See Fungicides) 

Paspalum notatum, 556 
Pea, 16, 40, 91, 187, 593, 796 
Aphanomyces on, 12 
field, 563 
garden, 563 
Pythium on, 917 
resistant to powdery mildew, 21 
seed treatment of, 299 
sweet, 563 
viruses of, 11 
Peach, 26 

anthraenose, 22 

Phytophthora cactorum on, 580 
viruses of, 513 
X-disease, 20 

Peanut, noduiation in relation to seed 
treatment, 18 
Pear, 11, 22, 152 

decay, control of, 914 
leaf blight, control with fungicides, 575 
Pecan scab, control with fungicides, 106, 
552, 921 

Peet, Clyde E., 20 
Pelargonium hortorum, 851 
Pellicularia filamentosa, 22 

causing leaf spot of Hibiscus, 503 
Penicillin (See Antibiotics) 

Penicillium, 22, 91, 156, 820 
expansum, 914 

control on stored apples, 1 
Pentzer, W. T., (1021) 

Pepper, 20, 257, 337 

Phytophthora infestans on, 575 
verticillium wilt, 915 
Peronospora destructor, 920 
manshurica, 198 • 

Persca americana, root rot of, 123 
gratissima, 912 
India, 912 
lingue, 912 
Person, L. H., 474 
Pestalozzia, 262 
Peterson, A. G., (10) 

Peterson, W. H., (13) 

Petunia hybrida, 66, 425 
virus on, 16 

Phytophthora infestans on, 575 
Phaseolus (See also Bean) 
aconitifolius, 424 
aureus, 424, 731, 796 
coccineus, 731 
lunatus, 731 
virus on, 16 
mungo, 731 
PytMum on, 917 
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virus 2, 725 

vulgaris, 11, 22, 66, 93, 213, 285, 424, 
481, 725, 757, 796 
viruses of, 16, 489 
var. humilis, 373 

Pheuax sonneratii, infectious chlorosis of, 
395 

Phenyl compounds (See Fungicides) 
Phenyl mercuric acetate (See Fungicides; 
Mersolite 8) 

Phenyl mercuric triethanol ammonium lac¬ 
tate (See Fungicides; Puratized Com¬ 
pound) 

Phialea temulcnta, causing blind seed dis¬ 
ease of ryegrass, 404 
Phleum pratense, smut of, 158 
Phoma betae, 927 343 

and sugar beet root rot, 205 
lingam, 21, 903 
terrestris, 903, 934 
on onion, 9 

Phomopsis verans, resistance to, 569 
Phycomyces blakeslccanus, 903 
Phycomycetes, on sugar beet, 888 
Phygon (See Fungicides) 

Phymatotrichum oiunivorum, 571, 918 
physiology of, 142 

Physalis angulata, test plant for virus, 505 
floridana, 930 
pubcscens, 425 

Physalospora rhodina, causing tung canker, 
359 

tucumanensis, causing red rot of sugar¬ 
cane, 24 

Physiologic specialization, in Cladosporium 
fulvum, 2 

Guignardia bidvvellii, 716 
Mycosphaerella fragariac, 990 
Puccinia graminis, -24 
Ustilago tritici, 18 

Physiological exhaustion of strawberry, as 
a factor in winterkilling, 137 
Physiology, fluorine, in relation to mar¬ 
ginal scorch, 30 

Physiology of microorganisms, antisporu- 
lants, 22 

bacterial polysaccharides as toxins, 13 
Colletotrichum phomoides, 250 
effect of zinc on production of anti¬ 
biotics by Fusaria, 75 
Fusarium eumartii, 761 
oxysporum, 761 

var. nicotianae, 292 

germ tube stimulation of obligate para¬ 
sites, 920 

Gibberella zeae, 1, 595 
growth substances and crown gall, 26 
Helminthosporium victoriae, 8 
Phymatotrichum omnivorum, 142 
Piricularia oryzae, 265, 574 
Pseudomonas spp., 494 
Sclerotina fructicola, 10, 17 
Streptomyces griseus, 26 
Ustilago zeae, 8 
Xanthomonas, 494 

Phytomonas (See also Agrobacterium) 
tumefaciens, 995 
and growth substances, 26 


Phytophthora, 27 
cactorum, 736, 754 
on poach, 580 

cinnamoni, causing root rot of avocados, 
123 

wilt and root rot of camellia, 575 
drechsleri, 913 
infestans, 26, 575, 913, 933 
oospore germination, 913 
oospore production, 2 
palmivora, 913, 1032 
parasitica, 46 
on corn, 1029 
var. nicotianae, 227 

resistance to in tobacco, 15 
parasitica-terrestris, resistance to, 569 
Picea, spp., Valsa on, 307 
Pierce, W. II., 21 
Pine, gum flow, 572 
needle curl, 1028 

tip blight, control with fungicides, 575 
Pineapple, effect of mealybug on, 645 
Pinus caribaea, 572, J()29 
contorta, 1029 
cchinata, 1029 
palustris, 572 

Piricularia oryzae, sporulation of, 265 
viability of conidia, 574 
Pisum (See also Pea) 

sativum, 12, 424, 563, 731, 796 
viruses of, 11, 16 
var. arvenso, 11, 563 
Plakidas, a. G., 21, 928, 990 
Plantago major, 424, 437 
Plantain, 423, 437 
Plasmodiophora brassicae, 28 
Plum, 11, 22, 26, 152 
autlii;acnose of, 2 
viruses of, 513 
PMAS (See Fungicides) 

Polamia ini mica, 10 

Polychrosis viteana, 457 

Polyethylene glycols, 13 

Polyethylene poly sulfide (See Fungicides; 

Good-rite P.K.P.S.) 

Polygonum coccineum, 437 
pcrsicarae, 425, 437 
schweinitzii, host range of, 370 
Polysaccharides, as wilt inducing toxins, 
13 

Poncirus trifoliata, 912 
Portulaca oleracea, 425 
Potato, 19, 315, 444, 796, 843, 851, 961 
blackleg of, 10 

early blight, control by fungicides, 27 
effect of amino-acridine derivatives on, 
912 

golden nematode of, 23 
internal necrosis of, 20 
late blight, 26 

control by fungicides, 27 
forecasting of, 6 
late-breaking of, 917 
leaf roll virus, 505, 917 
net necrosis, 917 
purple top of, 10 
ring rot and antibiotics, 27 
root-knot nematode, 480 
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soft rot, 673 
stem end browning, 917 
viruses, 28 
virus X, 932 
virus Y, 930 

yield response to fungicides, 576 
Potat‘0-Dip (See Fungicides) 

Potentilla monspeliensis, 425 
Pound, Glenn S., 21 
Powdery mildew, of barley, 25 

of bean, control with fungicides, 6 
of cucumber, 1027 
of currant, 455 
of guar, 918 
of pea, 21 
of wheat, 569 
Powell, Dwight, (18) 

PratylcnchuB spp., 523 
and root rot, 14 
on boxwood, 577 
pratensis, 532 
Presley, John T., 571 
Preston, Dudley, 572 
Price, W. C., (15), 213 
Proteus vulgaris, 76, 903 
Prune, 152 

Italian, marginal scorch of, 30 
viruses of, 513 
Primus amygdalus, 862 
cerasus, 11, 20, 513, 857 
domestica, 11, 513, 862 
mahaleb, 513 
pennsylvanica, 862 
persica, 20, 285, 513 
salicina, 11 
virginiana, 20 

Pseudomonas spp., classification of, 494 
fluorescens, 78 
Pseudopeziza medicaginis, resistance of 
alfalfa to, 570 . 

Pseudomonas aeruginosa, 903 

medicaginis var. phaseolicola, 757 
savastanoi, 903 
solanacearum, 903 
Psidium guajava, 46 
Psoralea bituminosa, 424 
Puccinia antirrhini, 7, 542 
graminis, 161 
avenae, 24 
tritici, 7, 12, 24 
helianthi, 542 
menthae, 542 
rubigovera tritici, 3 

Pueraria thunbergiana, angular leaf spot 
of, 348 

Puratized compounds (See Fungicides) 
Puraturf (See Fungicides) 

Purex, 408 

Pyrenochaeta terrestrls nov. comb., 838 
Pyrus spp., 163 
communis, 11 

Pythium, 303, 638, 916, 917 
and sugar beet root rot, 205 
arrhenomanes, 6 

causing seedling and root rot of onion, 29 
control by soil fumigation, 38 


debaryanum, 888 

effect of 2,4-D on, 1038 
on barley, 24 
graminieolum, 24, 903 
ultimum, 157 

Quercus cinerea, 56 
laevis, 56 
Quince rust, 575 
Quinolines (See Fungicides) 

Quinolinols (See Fungicides) 

Rader, W. E., 440 
Radish, 91, 187, 337 
Ragweed, 575 

Ramsey, G. B., 22, (23), (343) 

Rankin, W. H., (569) 

Raspberry, 919 

black, mild streak of, 222 
virus of, 827 

Rawlins, T. E., 155, (279) 

Red rot of sugarcane, 24 
Red top, 25 
Reeves, E. L., (2) 

Resistance, nature of in onion, 12 
alfalfa to leaf spots, 570 
apple to scab, 23 
barley to spot blotch, 1 
bean to bacterial blights, 757 
cabbage to clubroot, 28 
citrus to Clitocybe root rot, 56 
corn to Diplodia, 27 
cowpea to bacterial canker, 572 
cucumber to powdery mildew, 1027 
currant to rust, 453 
dahlia to spotted wilt, 13 
eggplant to Phomopsis blight, 569 
grape to Botryosphaeria, 262 
mimosa to fusarial wilt, 13 
oats to disease, 12 
to victoria blight, 568 
onion to pink root, 9 
j>ea to mildew, 21 
rice to Cercospora, 23 
strawberry to wilt, 1034 
tobacco to black shank, 15 
to disease, 27 
to wildfire, 5 
to wilt, 227 

tomato to buckeye rot, 569 
to Cladosporiuin, 16 
to spotted wilt, 13, 467, 918 
to Armillaria root rot, 153 
wheat to flag smut, 694 
to rust, 12, 572 
Rhabditis monohystera, 616 
Rhizobium leguminosarum, 18, 955 
Rhizoctonia, 22, 303, 503, 759, 918 
carotae n. sp., 440 

crown rot of alfalfa and sweet clover, 5 

on cotton, 661 

on potato, 10 

root rot of frijol, 23 

root rot of sugar beet, 205 

root rot of tulip, 156 

solani, 756, 888 
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Bhizopus nigricans, control of on stored 
apples, 1 

Bhoads, Arthur S., 44 
Bhus typhina, wilt of, 572 
Bnynchosporium secalis, 22 
Bibes americanum, 454 
glandulosum, 455 
nigrum, resistance to rust, 453 
Bice, 337, 369 

resistant to Cercoapora, 23 
Bich, Saul, (14), 22 
Bicinus communis, 11, 796 
Biker, A. J., (13), (26) 

Bing rot, of potato, and antibiotics, 27 
Boane, C. W., 572 
Egberts, Catherine, (154) 

Eobinia pseudo-acacia, 424 
Kobles, Leonel H., 22 
Boccal (See Fungicides) 

Kodriouez Vallejo, Jose, 22 
Bose blackspot, 313 

control with fungicides, 6 
Boaellc, leaf spot of, 503 
Boss, Frank A., 930 
Bowell, J. H., 22, 315 
Bubus alleghenicnais, virus of, 576, 827 
ursinua, 919 
Bufert, j., (3), 22 
Burncx britannica, 425 
crispus, 425, 437 
occidentails, 66 

Bust, apple, control with fungicides, 11 
bean, 542 

mutation in, 914 
blister, resistance to, 453 
carnation, control with fungicides, 6 
flax, 18 
mint, 542 
oats, 12 

stem, barberries in relation to, 24 
snapdragon, 542 

control with fungicides, 7 
sunflower, 542 
therapeutic treatments, 542 
wheat leaf, 3, 572 
stem, 7, 12, 161, 572 
barberries in relation to, 24 
quince, 575 
Butabaga, 444 

By ALL, A. Lloyd, 1016, (1021) 

Bye, 24 

anthracnose of, 3 
Byegrass (See Grasses) 

Byker, T. C., 23 

Saccharum officinarum, 285 
Sage, host for Fusarium, 809 
Saintpaulia ionantha, 851 
Salmonella pullorum, 76 
Sam Baj, J., (364) 

Sarcina lutea, 78 
Sass, j. E., (14) 

Sassafras anthracnose, control with fungi¬ 
cides, 575 
Scab, camellia, 21 
pecan, control with Bordeaux, 552 
Scald, of barley, 22 


Scaphtopius acutus, 225 
Schizanthus wisetonensis, 425 
Schmitt, C. G., 23 
Schneider, C. L., (5), (17) 

SCHROEDER, W. T., (314) 

Scilla sibirica, Sclerotium on, 82 
Sclcrotinia, 903 

fructicola, 22, 861, 914, 934 
adaptation to copper, 17 
homeocarpa, 22 
laxa, 919 

on sour cherry, 857 
minor, 93 

sclerotiorum, 93, 443 

effect of soil fumigation on, 43 
Sclerotium cepivorum, 378 
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soybean viruses, 732 
stem anthracnose o5 Lima bean, 7 
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gladiolus, 922 
grass, 9 
oats, 12 
onion, 218 
timothy stripe, 158 
wheat, 4 
bunt, 309 
flag, 688 
loose, 18 

Snapdragon, host for Phisarium, 810 
rust, 542 

control with fungicides, 7 
Snow, A. G., (572) 

Snowberry, anthracnosc of, 2 
Snyder, W. C., 23, (572) 

Sodium arsenate, 410 (See also Fuimi- 
cides) 

Sodium bisulfite, 1021 

chlororthopheiiylphenate, 914 
dinitro-ortho-cresol (See Phingicides; 
Elgctol) 

meta borate, 1021 

o-phenyl phenate (See P^ungicides, Dowi- 
cide A) 

pentaehloropheiiate, 919 
polyphosphate (Sec Fungicides) 
propionate (See P'’ungicidcs; Mycoban) 
silicate (See F'ungicidesj Zeolite) 
sulfide (See Phingicidcs) 
tetrahorite, 1021 
Soft rot of potato, 673 
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Soja max (See also Soybean) 
viruses, 16, 725 


Solanum aculeatissimiim, 425 
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for vector studies, 28 
inoculation of barley with stripe, 915 
corn with Diplodia, 27 
pea with Aphanomyces, 12 
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soybean viruses, 727 
spore viability, 574 
sporulation of Piricularia, 275 
stem rot of sweet potato, 576 
victoria blight of oats, 12 
wheat head blight, 602 
stem rust, 7 

Temperature of soil, in relation to bacte¬ 
rial soft rot of potato, 674 
lang wilt, 561 
root rot, 526 

tobacco brown root rot, 534 
wheat‘flag smut, 690 
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Tersan (See Fungicides) 

Tervet, Ian W., 25, 961 
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black shank, 15, 227 
control of nematodes on, 570 
host for Fusarium, 810 
mosaic (See also Viruses) 

electron microscope studies, 279 
increased infectivity, 35 
resistance to disease, i5, 27 
root rot, 14, 519, 528 
streak virus, 7, 421 
Thielavia basicola, isolation of, 571 
wildfire, resistance to, 5 
wilt caused by toxins of Fusarium, 292 
Tomato, 16, 26, 40, 71, 315, 437, 575, 796, 
851 937 
anthracnose, 247 
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buckeye spot, 569 
bushy stunt, 949 
CoUetotrichum on, 235 
defoliation of, 937 
disease control with fungicides, 314 
early blight, control with fungicides, 6 
host for Fusarium, 809 
late blight, 575 
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leaf curl of, 364 
hereditary defects of, 29 
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spotted wilt virus, 13, 28, 467, 918 
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var. giganteum, virus of, 15 


Trigonella, 424 
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Triticum aestivum, 285 
timopheevi, 18 
vulgare, 688 
Tropaeolum majus, 425 
Troy flotation sulfur (See Fungicides) 
True, R. P., 572 
Tucker, C. M., 1031 
Tulip, Rhizoctonia root rot, 156 
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Turner, Neely, (14) 

Turnip, 571, 851, 893, 960 
bacteria of, 25 
Tylenchus filiformis, 616 
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U' LSTRUP, Arnold J., 27, 1031 
T^lmus americana, 371 
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control with fungicides, 313 . 
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Verticillium albo-atrum, 915 
effect of temperature on, 919 
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wilt of strawberry, 1034 
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sinensis, 66, 731 
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Viruses, aster yellows, 581 

bacteriophage of Xanthomoiias pruni, 
26, 907 

bean black root, 29 
mosaic, 10 
pod mottle, 29 
shiny pod, 29 
virus 1, 10, 489 
virus 2, 10, 489 
virus 4, 10 

yellow mosaic, 10, 574 
beet curly top, 916 
blackberry, 576, 827 
dwarf, 919 
caniia mosaic, 230 
cherry X-disease, 920 
clover club-leaf, 2 
cucumber mosaic, 21, 65, 843, 851 
virus 1, 10, 21 
cucumis virus, 65 
dahlia ringspot, 467 
Eryngium, yellow mosaic, 15 
flax curly top, 1001 
guar, lethal virus, 918 
muskmelon curly top, 934 
ladino clover virus, 15 
lettuce big vein, 612 
lily mottle, 841, 851 
necrotic fleck, 841 
rosette, 841, 849 
yellow flat, 849 

little cherry, transmission of, 2 
Mertensia virginica mosaic, 62 
papaya ring spot, 310 
pea, 11 

peach X-disease on sour cherry, 20 
Pliaseolus virus 2, 725 
Phenax sonneratii infectious chlorosis, 
395 

potato, 28, 017 

internal necrosis, 20 
late break, 917 
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virus X, 930 
virus Y, 930 
purification, 6, 949 
raspberry, 827 
mild streak, 222 
Soja virus 1, 725 

sour cherry necrotic ring spot, 509, 776 
yellows, 509, 776 

southern bean mosaic virus, 10, 213 
soybean, 724 

spotted wilt, resistance to, 13 
storage of, 

sugar beet, yellow not, 429 
tobacco mosaic, 65, 852 

effect of chemicals on, 15 
electron microscope studies, 279 
purification of, 6 
resistance to, 27 
streak, 7 

hosts of, 421 
tomato bushy stunt, 949 
leaf curl, 364 
spotted wilt, 28 
resistance to, 467 
wheat mosaic, 1005 
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wilt of, 13 
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Wernham, C. C., 283, 932 
Wheat, 5, 17, 593, 1005 
bunt, 309 
flag smut, 688 
Gloeosporium on,»133 
head blight, 574, 595 
leaf rust, resistance to, 572 
powdery mildew, 569 
resistant to mosaic, 1005 
root rot, 15, 519 
smut, 4 
flag, 688 
loose, 18 

stem rust, 12, 24, 161 
resistance to, 572 
take-all of, 24 
Wheatgrass (See Grasses) 

Wheeler, H. E., 28 
Whitehead, M. D., 969 
White* fly, as vector of tomato leaf curl, 
366 

WlANT, J. S., (1021) 

Wildfire of tobacco, resistance to, 5, 27 
Wilkinson, R. E., 28 
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Williams, Robley C., (949) 

Willison, R. S., (509), 776 
Wilson, J. D., (27) 

Winter killing, of strawberry, 137 
Wolf, Frederick A., (292) 

Wolf, Fredfjhck T., 292 
Woods, M. W., (222), 852 
Wright, C. M., (2), 28 

Xanthomonas, 27 
begoniae, 17 
beticola, 903 
campestris, 21, 903, 908 
carnpestre, 94 
carotae, 94 
classification of, 494 
lactucae-scariolae, 908 
malvacearum, 947 

pathogenicity and classification, 283 
phaseoli, 94, 313, 315, 757 
pruni, bacteriophage of, 26, 907 
vignicola, 571 

Yarwood, C. E., 542 

Yellow copper oxide (See Fungicides) 
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Yellow Cuprocide (See Fungicides) 

Yellow mustard, 437 

Yellow net of sugar beet, 429 

Yellows of sour cherry, 776 

Young, P. A., 29 

Yu, T. F., 331, 587 

Zaumeyer, W. J., 29 
Zea mays (See Corn) 

Zeolite (See Fungicider^j) 

Zeiiute (See Fungicides) 


Zinc compounds (See Fungicides) 

Zinc dimethyldithiocarbamate (See Fungi¬ 
cides; Zerlate) 

Zinc ethylene bisditliiocarbamate (See 
Fungicides; Parzate) 

Zinc 8-quiiiolinolate (See Fungicides; Bi¬ 
oquin 100) 

Zinnia, 65 

elegans, 21, 66, 424 
virus on, 16 
Zythia fragariae, 704 


ERRATA, VOLUME 37 

Page 863, line 5, read relationships for relationship 

Page 896, line 34, read was reported (8) for was reported (9) 

Page 897, line 42, read November 28 for December 28 

ERRATA, VOLUME 38 

Page 87, line 16, read the Actinomyces when streaked 3 days after the 
Actinomyces (Fig. 1, ri-459) for the Actinomyces (Pig. 1, L-459) 
Page 113, line 15, read attack shrubby plants for shrubby plants 
Page 202, table 3, column 11, read 75.25** and 72.75** for 75.25 and 72.75 
Page 441, figure 1, read (D) culture of Rhizoctonia solani. and (E) culture 
of B, carotae, for (D) culture of Rhizoctonia carotae, and (E) culture 
of B, solani 

Page 773, line 42, read 17 additional for 19 additional 
Page 791, line 11, read causal viruses /or casual viruses 
Page 828, figure 1, read A. Symptoms in black raspberry. B. Symptoms in 
blackberry for A. Symptoms in blackberry. B. Symptoms in black 
raspberry. 

LIST OP MEMBERS, page 38, read WHITEHEAD, MARVIN D. for 
WINTERHEAD, MARVIN D. 





